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Unpacking the mysteries of sperm
DNA fragmentation: Ten frequently
asked questions

J Gosálvez1, C López-Fernández1, JL Fernández2, SC Esteves3

and SD Johnston4

Abstract
Although it has been thirty years since publication of one of the most influential papers on the value of assessing sperm DNA
damage, andrologists have yet to reach a general consensus about how to apply this seminal parameter to improve or predict
reproductive outcomes. Studies that have attempted to establish a causal relationship between sperm DNA damage and pregnancy
success have often resulted in conflicting findings, eroding the practitioner’s confidence to incorporate this phenomenon into their
appraisal of fertility. In this review we have identified and answered ten important unresolved questions commonly asked by
andrologists with respect to the relationship between sperm DNA damage and fertility. We answer questions ranging from a basic
comprehension of biological mechanisms and external factors that contribute to increased levels of sperm DNA damage in the
ejaculate to what type of DNA lesions we might be expect to occur and what are some of the consequences of DNA damage on
early embryonic development. We also address some of the fundamental technical issues associated with the most appropriate
measurement of sperm DNA damage and the need to attenuate the confounding impacts of iatrogenic damage. We conclude by
asking whether it is possible to reduce elevated levels of sperm DNA damage therapeutically.
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What sperm cell do you think will have more reproductive suc-

cess: one possessing a complete, orthodox, linear DNA mole-

cule or one that is fragmented? If we were to ask this

question to a person with a high school level of biology, he/she

is likely to answer, “Well, the sperm with a complete DNA

molecule, of course.” This response seems to be an obvious and

logical presumption based on the simple premise that if some-

thing is apparently broken, then it is unlikely to function at opti-

mal capacity. However, what is the experimental evidence for

such a conclusion regarding sperm DNA fragmentation?

A review of the literature on this topic presents the repro-

ductive scientist and clinician with a plethora of competing

and apparently conflicting ideas. The problem we have as

scientists is that when we try to raise new questions about

something which is unknown, we by default, generate a chain

reaction of new questions that are equally or even more dif-

ficult to contemplate than the initial one we were trying to

solve. Nothing in science escapes this paradigm, and in

essence, this is also the inherent pleasure and attraction of

our craft. If the same questions were to be asked of an

experimental andrologist or reproductive clinician, we might

invoke a significantly more guarded and critical response,

hopefully based on a broader and deeper understanding of the
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experimental evidence. The professional scientist will likely

generate all sorts of doubts and identify “exceptions to the

rule” that unfortunately will not always be possible to explain

in an acceptable manner or with any immediacy.

The sperm cell is a singular and an autonomous part of the

soma charged with the responsibility for maintaining the

identity of the species by providing 50% of the nuclear genetic

load that characterizes the diploid organism. The sperm cell

surrenders its nuclear material to the fulfillment of the zygote

contributing none of its cytoplasm or organelles beyond

the centrosome since most of these elements are forfeited

during spermiogenesis, maturation, and during the process of

fertilization. It is in fact, the oocyte cytoplasm that provides the

first signal to control gene expression from the male genome.

Hence, the sperm of all species are specifically designed to

ensure the successful transmission of a complete haploid gen-

ome that shall ultimately constitute a new individual, which,

in turn, will behave as a new entity to perpetuate the species.

Intuitively, the integrity of the sperm genome is imperative to

the normal development of the embryo, and this integrity is con-

sequently critical to achieving a successful pregnancy and for

maintaining the genetic identity of each species. Despite there

being little argument that sperm DNA and chromatin integrity

are essential for effective transmission of genetic information

to subsequent generations and accumulating evidence that

abnormal sperm chromatin or DNA damage can adversely

affect fertility, there is still typically in the ejaculate of most

species, a certain proportion of sperm that will contain frag-

mented DNA, regardless of the “biological fitness” of that

organism. Nevertheless, as a general rule, those individuals

identified as subfertile or sterile usually have a proportion of

sperm with fragmented DNA that is higher than those individ-

uals determined as fertile. It is for this reason that the pursuit

and etiology of sperm DNA fragmentation (SDF) has become

such a popular and controversial topic with clinicians and repro-

ductive scientists alike (see reviews by Agarwal and Said, 2003;

Angelopoulou et al., 2007; Evenson and Wixon, 2006; Evenson

et al., 2002; Ozmen et al., 2007; Tesarik et al., 2006; Zini,

2011).

Despite the intense clinical interest in the sperm cell as a

predictor of male fertility, the quality of DNA is not always

evaluated in routine semen analysis. This is likely to be a

consequence of the fact that the current technologies for

DNA assessment are technologically sophisticated and

logistically complex. These limitations are primarily associ-

ated with the early development of the initial technology by

Dr DP Evenson known as the sperm chromatin structure

assay (SCSA) used to assess sperm DNA damage. While the

SCSA has been in operation for almost 35 years, it has

failed to be taken up as a routine procedure in most androl-

ogy laboratories (Drobnis and Johnson, 2015; Evenson et al.,

1980) and as a consequence, has encouraged all manners of

technological developments to assess this parameter. Unfortu-

nately, these technological innovations have also produced a

range of sometimes conflicting results, which in part are no

doubt inherent to the intangible variations in each procedure.

Perhaps this is one of the reasons why there is such a low level

of understanding of the importance of this parameter when

evaluating the role of sperm DNA damage on male fertility,

especially from the clinician who demands a procedure that

is not only accurate but reliable and easy to conduct. Conse-

quently, there is currently significant controversy over the cau-

sal relationship between the proportion of sperm with

fragmented DNA and reproductive success and it will there-

fore be the aim of this review to unpack and rectify this

misunderstanding.

There is a general consensus that those individuals pre-

senting with high rates of SDF have more problems with suc-

cessful production of offspring than those individuals

showing low levels of SDF (Castilla et al., 2010; Zhao

et al., 2014). However, the complex relationship between the

quantitative and qualitative differences in DNA damage and

the extent and fidelity of DNA repair that takes place after

oocyte fertilization could help explain some of the disparity

in the role that sperm DNA damage may play with respect

to reproductive success.

Figure 1 summarizes those factors that may impact the

level of SDF present in a semen sample to be used for

assisted reproduction. Clearly, all these factors are unlikely

to be accounted for by the clinician on a daily basis, but

working alone or synergistically with other factors, they may

combine to result in pregnancy failure.

We argue that the assessment of SDF should not be con-

sidered as a separate adjunct parameter of fertility but be

integrated into the seminogram as part of the routine evalua-

tion of semen quality, taking into account the patient’s clin-

ical condition. Ideally, the clinician would like to have a

precise cutoff level for SDF above or below which they could

Figure 1. Factors that may interfere (positively or negatively) with
reproductive outcome by altering the level of SDF in the ejaculate.
SDF: sperm DNA fragmentation.
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make a decision on whether the individual is fertile or not.

Despite this expectation, it should be noted that conventional

seminal parameters, such as sperm concentration, motility, or

morphology, are equally unlikely to live up to this level of

scrutiny or rigor, especially when these measures are taken

in isolation. Even if we conduct an integrated assessment

of all seminal characteristics, results from routine semen

analysis still lack power to discriminate between fertile and

infertile men, unless they occur at extreme abnormal levels

(Esteves et al., 2012). It would, therefore, be sound to include

the value of SDF into the summative calculation of the semi-

nogram to see whether this might improve the predictive

power of this diagnostic tool. It is our opinion that close col-

laboration and standardization between clinicians, androlo-

gists, and geneticists would be extremely useful in helping

to clarify the unresolved issues regarding SDF that are impor-

tant for predicting fertility. Unlike other reviews on sperm

DNA fragmentation, this article is aimed at presenting an

appreciation of the scientific and technical aspects of SDF

in a format of a series of “10 frequently asked questions” that

many of us have pondered in this exciting field of research

but which may not have a clear answer.

Question 1: What are the biological
mechanisms contributing to SDF?

While the mechanisms causing DNA damage have been partly

identified (Fernández et al., 2009), the precise origin of this

damage in the mature sperm cell is difficult to elucidate. Three

main hypotheses have been proposed to explain the presence of

fragmented sperm DNA, and these are summarized in Figure 2.

The first hypothesis suggests that the presence of DNA breakage

is related to the replacement of histone with protamine during

the process of spermatogenesis. Histone–protamine transition

results in a greater compaction of the DNA molecule than that

occurs in the somatic cell line. During this transition, the DNA

molecule would experience a forced twisting of the DNA mole-

cule if controlled DNA nicking did not take place. Facilitated by

topoisomerase II, this structural DNA nicking and repair has

been demonstrated in mice spermatids during the sperm elonga-

tion state, and it is likely that a similar mechanism is operating

in all mammalian species (Marcon and Boissonneault, 2004;

McPherson and Longo, 1992). Triplex DNA configurations

have been described during sperm maturation in insects (Černá

et al., 2008). They are consistent with the presence of structural

DNA transformations where DNA nicking is actively occurring

and is necessary for histone–protamine transition. These domains

of triplex DNA co-localize with the physical sites where DNA

breaks are occurring. A rigid co-localization and spatial posi-

tioning of the DNA breaks could be contributing to avoid unde-

sirable chromosome rearrangements (Černá et al., 2008). Under

these circumstances, any mechanism affecting the process of

protamination shall be later detected once the sperm maturation

has been completed using checkpoint-like mechanisms and

apoptosis can be triggered. Supporting this idea, mice with spe-

cific deletions on transition protein alleles show an increased

frequency of sperm with damaged DNA (Cho et al., 2001,

2003; Meistrich et al., 2003). In fact, protamine deficiencies cor-

relate with morphological sperm alterations or increased DNA

damage (Fortes et al., 2014; Utsuno et al., 2014).

The second hypothesis suggests that DNA fragmentation

is the result of excessive oxidative stress in the male repro-

ductive tract. High quantities of reactive oxygen species

(ROS) may be released by activated leukocytes and/or

macrophages in a similar fashion to the processes that occur

during an inflammatory response that subsequently produce

redox processes on the membranes and later on the sperm

DNA. The presence of immature sperm with excessive

amounts of residual cytoplasm in the ejaculate may also con-

tribute to an abnormal elevated oxidation level that induces

endogenous redox reactions (Agarwal et al., 2003; Aitken

et al., 1998; De Luliis et al., 2009; Gil-Guzman et al.,

2001; Kashou et al., 2013). Oxidative stress can be triggered

when ROS production exceeds the activity of seminal plasma

antioxidants, such as superoxide dismutase, catalase, and glu-

tathione peroxidase, as well as other antioxidants that block

the redox reaction cascade (Agarwal et al., 2003; Ko et al.,

2014). In general, oxidative stress produces single-strand

breaks on the DNA, but lipidic peroxidation and protein

alteration are also possible.

The third hypothesis implicates apoptotic events during

sperm maturation within the epididymis. Similar to what

occurs in somatic cells, once caspase or annexin V is

detected at the sperm surface, double-strand DNA breaks

controlled by specific DNases would degrade the DNA mole-

cule (Gorczyca et al., 1993; Muratori et al., 2000). The pres-

ence of caspases 8, 1, and 3 in the sperm postacrosomal

region and caspase 9 in the equatorial region has been asso-

ciated with this type of DNA degradation (Paasch et al.,

2004). Moreover, human, mouse, and Chinese hamster sperm

have an endogenous nuclease that directly participates in

apoptosis (Sotolongo et al., 2005). The presence of apoptotic

markers in mature sperm, including Fas, Bcl-X, p53, and

annexin V all support the role of apoptosis in the generation

Figure 2. Primary mechanisms producing SDF. SDF: sperm DNA
fragmentation.
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of DNA breaks. Such markers are particularly relevant for

infertile men, and the final outcome of these apoptotic pro-

cesses may lead to miscarriage (Sakkas et al., 2002, 2003).

However, a direct relationship between the presence of these

typical markers of apoptosis and the degree of DNA fragmen-

tation is not straightforward (Moustafa et al., 2004). These find-

ings indicate that the apoptotic processes leading to sperm DNA

fragmentation can be slightly different from the already known

apoptotic pathways in somatic cell lines. Not surprisingly, the

routes for sperm DNA fragmentation and cell death are not fully

caspase dependent (Candé et al., 2004). Unfortunately, an effi-

cient method to induce caspase activation in human sperm (Gru-

newald et al., 2005), which could aid in the understanding of the

underlying process, is still to be elucidated.

Finally, we must also consider that the presence of frag-

mented DNA in mature sperm may result from a combination

of these processes. In fact, the aforementioned hypotheses are

not mutually exclusive and are unlikely to operate in isola-

tion. It is, therefore, reasonable to speculate that apoptosis

can occur as a result of sperm damage generated by ROS.

Along the same lines, DNA breaks resulting from abnormal

protamination could be detected by apoptosis signaling and

thus reinforce a preexisting presence of DNA damage. In

summary, synergistic effects among the different damaging

effectors are likely to contribute to the accumulation of DNA

damage and should be considered in the process of sperm

death.

Question 2: What are the external factors
leading to increased levels of SDF?

A variety of studies have suggested that human semen quality

has progressively decreased over the last decades as a result

of environmental toxicants and lifestyle changes (Adiga

et al., 2008; Carlsen et al., 1992; Kumar et al., 2014; Rolland

et al., 2013). This accelerated decline in semen quality has

also been linked to an increased loss of environment quality

inherent to the habits and social behaviors of modernity. We

are inevitably paying an expensive price for generating high

levels of pollution with specific exposures to toxic agents,

changes in traditional lifestyles, and poor diet (Homan

et al., 2007; Sharma et al., 2013; Tielemans et al., 1999). The

pressure exerted on semen quality has no doubt increased

with our capacity to transform commodities and derivatives

since the industrial revolution.

Sherry et al. (2000) has shown that sperm motility and con-

centration are markedly reduced by air pollution. Also, specific

mutations have been elucidated as a result of air pollution under

experimental conditions (Somers, 2011; Somers et al., 2004),

and males exposed to high levels of pollutant molecules in the

atmosphere had a higher percentage of sperm with fragmented

DNA than their less exposed counterparts (environmental qual-

ity control US standards). Interestingly, this phenomenon was

not generalized across the study, as some individuals exposed

to these pollutants maintained normal sperm production (Even-

son and Wixon, 2005; Rubes et al., 2005, 2010). It would,

therefore, appear that some allelic combinations, such as those

related to glutathione-related genes transferase (GSTM1) car-

riers, confer these individuals with the ability to metabolize

toxic products with greater effectiveness and potentially mitigate

the direct effects of toxic substances (Chengyong et al., 2012;

Rubes et al., 2007; Wu et al., 2013).

In many developed countries, obesity is occurring in epi-

demic proportions. It has been shown that overweight men have

an elevated proportion of sperm with DNA fragmentation (Kort

et al., 2006) so that testing for the incidence of sperm DNA frag-

mentation should be conducted as a routine in the cases of

obesity-related male infertility. Similarly, tobacco smokers are

also potential experimental models for investigating the differ-

ent types of cellular damage on semen quality. Interestingly, the

link between smoking and SDF is still inconclusive, although it

has been shown to affect the efficiency of sperm selection in

vitro (Viloria et al., 2007).

Aging is also considered an external factor that could poten-

tially affect sperm quality. Both Wyrobek et al. (2006) and

Schmid et al. (2007) studied men from 22 to 80 years and

demonstrated a significant increase in the proportion of sperm

with SDF with age. Temperature (Pérez-Crespo et al., 2008)

and other environmental factors such as phthalate exposure,

which is known to adversely affect the level of reproductive

hormones, may affect pregnancy outcome, genital develop-

ment, and semen quality (Jurewicz and Hanke, 2011; Jurewicz

et al., 2009). Men with high levels of both short- and long-term

stress and anxiety ejaculated less semen and had lower sperm

counts than that found in a low stressed population. Men with

the highest anxiety levels were also more likely to have not only

less motile sperm but also an increased level of sperm morpho-

logical abnormalities (Vellani et al., 2013).

Question 3: What are the expected lesions
associated with sperm DNA damage?

Two main types of DNA breaks, single-strand (SS-DB) and

double-strand DNA breakages (DS-DB), may affect DNA, both

in the sperm and in somatic cell (Figure 3). However, the type of

base modification present at the 50–30 free ends may vary

depending on the effector causing the DNA break (Alvarez and

Gosálvez, 2011). When the origin of the SDF is associated with

endogenous or exogenous nuclease activity, SS-DB or DS-DB

are produced. Topoisomersase II, one of the enzymes involved

in sperm chromatin remodeling, can produce DS-DBs as a

mechanism to release somatic histones and promote the incor-

poration of protamines (Laberge and Boissonneault, 2005;

Ward, 2011). These “DNA lesions” must be considered as a

transient situation since the DNA “gaps” can be sealed and

restored to a classical Watson–Crick DNA structured molecule

once protamination is accomplished. The enzymes involved in

the apoptotic processes can also produce DS-DB, but in this

case, the DNA would not be repaired. Toposiomerase II and

apoptotic enzymes are endogenous pathways for DNA damage,

while exogenous enzymes present in the seminal plasma can

4 Journal of Reproductive Biotechnology and Fertility



catalyze sperm DNA degradation (Campos et al., 2011; Lanes

et al., 2009; Singer et al., 1985; Takeshita et al., 1994).

In addition, ROS, including the superoxide anion (O2),

hydrogen peroxide (H2O2), the hydroxyl radical (OH�), perox-

ynitrite, organic hydroperoxides (ROOH), alkoxy and peroxy

radicals, and hypochlorous acid (HOCl), can modify the cell

components. Some ROS are liposoluble, such as H2O2, HOCl,

or ROOH, and they are able to modify membrane stability with

direct consequences on sperm motility. Free radicals such as

O2, on the other hand, may cross-react to produce ferrous ion

and thus modify proteins by generating H2O2. Superoxide

anions can also be the precursors for the metal-catalyzed OH�

formation. OH� free radicals are particularly effective in mod-

ifying the C4–C5 double bond of pyrimidine and the OH radical

of purines, which can lead to the generation of a spectrum

of oxidative stable conformations such as 8-oxo-20-deoxygua-

nosine, 8-hydroxy-20-deoxyadenosine, formamidopyrimidin

thymine glycol, uracil glycol, urea residue, 5-hydroxy-20-deox-

yuridine, 5-hydroxy-20-deoxycytidine, and hydantoin (Alvarez

and Gosálvez, 2011), and some of these DNA lesions cannot

be repaired, thus leading to a variety of phenotypes. For

instance, thymine glycol is able to block DNA replication and

is therefore potentially lethal. Another example is the unre-

paired 8-oxo-dG mismatching with dA (d: deoxy-guanine

(G)/adenine (A)). It increases G to thymine (T) transition muta-

tions, with the subsequent consequences for gene expression

associated with structural genes. It may also change regulatory

gene capacities linked to non-exonic gene domains. Although

the biological consequences of oxidatively derived DNA base

modifications to fertility is still unknown, they are known

to trigger oncological processes in the soma (Awasthi et al.,

1994; Nisa et al., 2010).

Although further experimental evidence is required, the

most aggressive lesions against genome stability would be

DS-DBs. In somatic cells, they are primarily responsible for the

production of severe chromosomal alterations such as translo-

cations, dicentric chromosomes, and/or the origin of micronuclei

formation; all these genomic changes may trigger apoptotic

process (van Gent et al., 2001). ROS would not usually be

expected to produce DS-DBs unless there is a very localized

and extreme production of ROS acting intensely on a specific

sperm region. Nevertheless, ROS could indirectly produce

DS-DBs through activation of nucleases (Macip et al., 2003).

Question 4: Is it important to distinguish
whether DNA damage is occurring at coding
or noncoding DNA domains?

The genome of evolutionary complex organisms is essentially

organized around two types of DNA sequences: those designed

to encode for RNAs and proteins and those without this capac-

ity. Approximately 1.5% of the genome consists of DNA

sequences that possess the capacity to produce proteins via

Figure 3. Different types of DNA breaks occurring at the DNA strands (a) normal Watson and Crick DNA conformation, (b) SS-DB, (c) DS-DB,
and (d, e) visualization of SS-DB and DS-DB using a two-tailed comet assay. The original micrograph is shown in (d), while (e) is a colored comet
showing the co-localization of SS-DB (green) and DS-DB (red)—the blue spot indicates the original position of the sperm before electrophoresis
and is represented by a sperm protein-DNA residue. SS-DB: single-strand DNA break; DS-DB: double-strand DNA break.
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RNA assembly and processing. The function of the remaining

genome is not well defined, although it may have specific func-

tions ranging from various structural roles (highly repeated

sequences) to direct regulation of gene expression or indirect

gene expression control through epigenetic changes (Allegrucci

et al., 2005; Dada et al., 2012; Shapiro, 2004). Since all eukar-

yotic genomes contain noncoding DNA sequences, it has been

argued on the basis of probability that most sperm DNA breaks

would have little effect on gene exons because of the low pro-

portion of these regions (Alvarez, 2005). Based on this assump-

tion, DNA damage that occurs primarily at noncoding regions

could still generate viable pregnancies even though the propor-

tion of ejaculated sperm with fragmented DNA was very high.

This is an intriguing issue, and we would like to add to the dis-

cussion by emphasizing some general principles that have been

proven in the field of mutagenesis using somatic cells and that

could potentially also operate in a similar fashion with respect

to germ cells.

Firstly, DS-DBs, especially if abundant within the nucleus,

trigger cell cycle blocking mechanisms or apoptosis that result

in cell death (Foster et al., 2012; Lips and Kaina, 2001). Sec-

ondly, cell death can also occur from unrepaired or erroneously

repaired DNA lesions that lead to protein production deficien-

cies or even chromosomal abnormalities (Foster et al., 2012).

Collectively, apoptotic induction, erroneous DNA repair, and

presence of chromosomal alterations can cause cell death, and

these may occur, regardless of the location of the initial DNA

lesions or whether the DNA domain has informative capacity

or not. The negative impact of high levels of SDF on embryo

quality as described by Borini et al. (2006), Nuñez-Calonge

et al. (2012) and Zini et al. (2005) suggests that embryo devel-

opment may be more significantly altered in intracytoplasmic

sperm injection (ICSI) compared to conventional in vitro ferti-

lization (IVF) cycles, as some form of natural selection occurs

in the later.

Question 5: What are the consequences of
the different types of sperm DNA damage on
reproductive success?

The consequence of sperm DNA damage with respect to normal

embryo development is the result of equilibrium between the

damage contained in the sperm and the DNA repair capacity

of the oocyte (Menezo et al., 2007). It is known that even a nor-

mal spermatozoon contains a much higher proportion of non-

orthodox DNA conformations than those observed in certain

somatic nuclei such as leukocytes (Muriel et al., 2004; Singh

et al., 1989). In fact, when exposed to alkaline denaturation, the

level of denatured DNA in the sperm nucleus could be four

times higher than that in somatic cells (Fernández et al.,

2000), and this may be associated with the structural require-

ments to achieve the necessary comparatively tighter DNA

packaging in sperm.

Remarkably, the oocyte has the machinery and the ability

to repair the DNA damage that is transmitted from the

spermatozoon, irrespective of whether this is a structural

DNA alteration or a minor deleterious error in the DNA

molecule (Ashwood-Smith and Edwards, 1996). This repair

process probably occurs at the pronuclei stage prior to syn-

gamy, otherwise the presence of DNA “discontinuities” in

the double-stranded DNA would not be an acceptable situa-

tion for mitotic divisions required for normal embryonic

growth. It should also be noted that the type and/or com-

plexity of the DNA damage in sperm can vary from one cell

to another, and as a result there is a relationship between the

severity of damage and the time required for repairing such

damage during the pronuclei stage. After fertilization and as

a result of apoptotic processes, sperm containing highly

damaged DNA far surpass the oocyte’s reparability capac-

ity. This may lead to dysfunctional syngamy, and, conse-

quently, protaminized sperm chromatin cannot be replaced

by histones in order to proceed with normal DNA replica-

tion. Conversely, if the levels of SDF were relatively low,

the existing DNA repair mechanisms within the oocyte are

able to restore a biologically stable genome and produce a

male pronucleus available for normal syngamy and subse-

quent embryonic development.

After DNA replication, unrepaired DNA motifs may pro-

duce chromosomal rearrangements (Genescá et al., 1992).

SS-DBs can be repaired at the same DNA strand by a direct

ligation of 50–30 free ends, thereby evading the production of

structural chromosomal abnormalities (Khanna and Jackson,

2001; Obe et al., 2002; van Gent et al., 2001). Chromosomal

rearrangements after syngamy can generate high levels of gen-

ome instability involving the correct chromosome mitotic seg-

regation. As a result, cell death and sudden embryonic loss is

likely to occur (Carrano and Heddle, 1973; Evans, 1974). When

DNA repair is complete, both the fidelity of the copy and the

orthodox gene order housed in the chromosome allow the mor-

ula and blastocyst stages to be easily reached. In this case, the

paternal genome would be normally regulated and expressed

and a successful pregnancy would ensue; otherwise, if the DNA

repair processes were not completely effective, spontaneous

abortion may occur.

Figure 4. Common techniques to assess SDF. SDF: sperm DNA
fragmentation.
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Some of the variable results obtained by studies evaluating

SDF and fertilization capacity could be explained, at least in

part, by the diverse nature of the DNA damage and the oocyte’s

variable repair capacity. Ideally, a comprehensive evaluation of

the impact of SDF on reproductive outcomes also needs to take

into account the quality of the oocyte; otherwise, the com-

pounding and interdependent influences of the oocyte’s repair

capacity and severity of sperm DNA damage would be very dif-

ficult to untangle. Animal models using IVF or ICSI, which uti-

lize controlled levels of SDF or employ competent proven

donor oocytes, are therefore, likely to be the most suitable

experimental models for this type of investigation (Gosálvez

et al., 2013a; Nuñez-Calonge et al., 2012).

Question 6: Which is the most effective
method of assessing SDF?

The various techniques used to detect DNA fragmentation are

summarized in Figure 4. The first technology that was success-

fully developed and applied to detect SDF in humans was the

SCSA (Evenson et al., 1999). This procedure is based on the

susceptibility of the DNA breaks to be denatured in the presence

of an acid solution. The starting point for denaturation is the

30–50 ends of the DNA break, and SS-DB and/or DS-DBs are

susceptible of producing single-stranded DNA stretches. This

process produces a partial denaturation of fragmented DNA

while maintaining a double-strand DNA configuration on those

genome domains that are not affected by DNA breakage. Using

a metachromatic dye, such as acridine orange for DNA staining,

the presence of denatured or non-denatured DNA motifs can be

identified. Acridine orange has the ability to emit orange-red

fluorescence when it interacts with single-stranded DNA motifs,

whereas it fluoresces green if the DNA molecule is intact and

double stranded. Discrimination between the two emissions is

performed with flow cytometry or fluorescence microscopy.

A variation of this methodology that has been adapted to

both bright field microscopy and fluorescence microscopy is

the sperm chromatin dispersion (SCD) assay. This assay has

two variants that have been validated for either human (Halos-

perm1) or animal sperm (Halomax1). SCD was primarily

designed to be used in laboratories with no access to flow cyto-

metry or that were reluctant to use more molecular-oriented

techniques, such as the direct nucleotide DNA incorporation

using enzymes (terminal deoxynucleotidyl transferase deoxyur-

idine triphosphatase nick-end labeling (TUNEL) or in situ nick

translation (ISNT)). The SCD assay is based on producing a

controlled and species-specific DNA denaturation to produce

single-stranded DNA stretches from any DNA break, coupled

with controlled species-specific protein depletion (Fernández

et al., 2000, 2003, 2005). The process includes three critical

steps: (1) integration of the sperm sample into an inert agarose

microgel on the surface of a pretreated slide, (2) controlled acid

denaturation of the DNA molecule, and (3) controlled protein

depletion. In humans after bright field or fluorescent staining

and observation under the microscope, those sperm cells not

Figure 5. Visualization of SDF using Halosperm1. Sperm was simul-
taneously stained for protein visualization (green) and DNA (blue).
This image was electronically filtered for halo enhancement and dis-
crimination between sperm containing fragmented DNA (no halo of
dispersed chromatin and non-fragmented DNA (large halo of dis-
persed chromatin). SDF: sperm DNA fragmentation.

Figure 6. Classification of human SDF with respect to halo size and
visualization under bright field or fluorescence microscopy using
Halosperm1 (see text for details). SDF: sperm DNA fragmentation.
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presenting visible halos of dispersed chromatin are identified as

containing high levels of DNA fragmentation, whereas those

with halos of dispersed chromatin around a dense core are con-

sidered to possess normal DNA (Figure 5). The halos can be

classified according to their morphology (Figure 6), and the

results of each patient’s ejaculate for SDF assessed against pre-

established cutoff criteria. The interpretation of such images are

congruent with the direct visualization of the DNA damage

using SCD processed slides and coprocessed with TUNEL,

ISNT or DNA breakage detection fluorescence in situ hybridi-

zation (DBD-FISH) (Chohan et al., 2006; Cortés-Gutiérrez

et al., 2007; Fernández et al., 2003, 2005; Gosálvez et al.,

2006). The results also show a strong correlation when com-

pared with indirect assessments of the DNA damage such as

SCSA or comet assay (Chohan et al., 2006; Ribas-Maynou

et al., 2013).

The second group of techniques for assessing sperm DNA

fragmentation is based on the enzymatic addition of modified

nucleotides to be incorporated into DNA breaks. Terminal de-

oxynucleotidyl transferase catalyzes the template-independent

addition of deoxyribonucleotides to the 30-OH terminus present

in the DNA break. This technique is known as TUNEL and has

been widely used to assess sperm DNA damage (Sharma et al.,

2010). A possible alternative to TUNEL is the use of polymer-

ase I from Escherichia coli, and this particular enzyme is able to

incorporate labeled nucleotides using the free ends of the

DNA breaks (Gorczyca et al., 1993, Manicardi et al., 1995).

A variation of this approach would be to use the Klenow frag-

ment, which is an active product generated after the controlled

proteolysis of polymerase I of E. coli that has both polymerase

activity 50 ¼> 30 and exonuclease activity 50 ¼> 30. This results

in a higher intensity of marking of the DNA from existing

breaks by massive incorporation of labeled nucleotides.

The other technique to detect DNA damage is that based on

the procedure known as the comet assay or single-cell gel elec-

trophoresis. The rationale for this methodology is to use electro-

phoresis to mobilize DNA fragments that are produced from

nucleoids after being protein depleted. The general concept is

that the DNA fragments resulting from pre-existing DNA

breaks have a different mobility in the electrophoretic field

depending on the relative size of the fragment. This generates

morphological differences between the nuclei containing frag-

mented DNA when examined under fluorescence microscopy

such that the resulting image represents a “comet” that can be

evaluated. The comet consists of a head and a tail of chromatin

in the direction of the anode, and the larger the size of the

comet, the higher the level of sperm DNA fragmentation

(Baumgartner et al., 2009; Tice et al., 2000). There are also

computer programs that allow a detailed analysis of the mor-

phological parameters associated with the morphology of the

comet. Additionally, the comet assay can be performed in an

alkaline environment that helps to denature DNA breaks

(Cortés-Gutiérrez et al., 2008; Singh et al., 1988, 1989). The

combined use of both strategies of DNA electrophoresis pro-

duces a two-dimensional comet or a two-tailed comet assay

(Figure 3) (Enciso et al., 2009). This is an excellent strategy for

simultaneous visualization of damage resulting from double-

stranded and/or single-stranded breaks (Cortés-Gutiérrez

et al., 2014; Fernández et al., 2001; Rivero et al., 2003; Zee

et al., 2009). While the comet assay is an outstanding technique

for the assessment of sperm DNA damage, we have noted two

major limitations for its routine use in andrology clinics. Firstly,

slide processing is time consuming and requires specialized

personnel to produce repeatable results, and secondly, it

requires electrophoresis equipment and fluorescence micro-

scopy. This technique can also be used to assess damage on spe-

cific and particular DNA sequences (single genes and repetitive

DNAs) when combined with FISH (Fernández et al., 2001), but

this level of sensitivity is currently available for the routine clin-

ical application.

The effectiveness of the different techniques to assess sperm

DNA fragmentation has been investigated in a range of differ-

ent studies (Chohan et al., 2006; Domı́nguez-Fandos et al.,

2007; Fernández et al., 2005). There is no doubt that there can

be significant variation if the same sperm sample is processed

by the various techniques in different laboratories, especially

if these different protocols are not appropriately standardized.

Most andrologists also have had to deal with this same degree

of subjectivity with respect to sperm motility, and this has

inevitably led to better standardized procedures, such as those

using Computer Assisted Sperm Analysis (CASA) systems;

nevertheless, even with improved computer-based recording

systems, there are still always going to be issues of adequate

objectivity. If we were truly unbiased, we would probably

acknowledge that the best technique would be the one that we

have most confident with. The routine use of any laboratory

technique using standardized methods is likely to produce its

own internal set of thresholds and confidence levels to differ-

entiate the patients we are analyzing.

The SCSA is notably the most expensive technique to set up,

owing to the need for flow cytometry and specialized personnel

to generate reliable results. However, as it is relatively rapid to

perform, it becomes much more cost-effective if articulated

with an external central or service laboratory. While TUNEL

is a very demanding and prolonged procedure, it is difficult to

process a large number of samples simultaneously, and, there-

fore, it is perhaps better suited as an experimental tool or for

validating other methodologies. The comet assay is very infor-

mative since it is possible to analyze the different types of DNA

damage in a single cell, but this method is not suited for rapid

diagnosis and requires highly specialized personnel to analyze

the results. In contrast, the SCD assessed by the Halosperm

commercial version is relatively inexpensive, rapid to use, and

versatile since it can be conjugated with the simultaneous detec-

tion of DNA and protein damage (Santiso et al., 2007), aneu-

ploidy (Muriel et al., 2007), identification of specific

damaged DNA sequences, or even methylation status of the

fragmented or non-fragmented sperm (Gosálvez et al., 2011a).

In our experience, all the techniques to assess sperm DNA

fragmentation, when used on the basis of a good praxis, are able

to discriminate different levels of sperm DNA damage after

comparing two or more individuals. Internal controls for each
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laboratory can ensure the homogeneity of the results, making

them comparable.

Question 7: What represents an acceptable
level of human SDF?

The response to this question is not straightforward, despite the

large amount of data that has been published on this topic.

Evenson and Wixon (2008) initially highlighted that SDF levels

above 30% would result in that individual not being fertile.

However, other studies have disagreed with this cutoff limit

(Payne et al., 2005; Vélez de la Calle et al., 2008) and noted that

individuals with values above 30% could still produce a normal

pregnancy. In fact, later Evenson and Wixon (2008), in a meta-

analytic study, changed their initial proposed cutoff points and

suggested that levels of SDF ranging from 30% to 40% might

result in problems with normal fertilization. So what is the true

situation?

Normozoospermic young individuals with proven fertility

usually present SDF fragmentation indices below 15% but

rarely below 5% (Gosálvez et al., 2013b). In fact, Erenpreiss

et al. (2006) have suggested that it is important to assess SDF

repeatedly and at different time points in those individuals

where the SDF exceeds 20%. If we summarize the results pub-

lished on this topic, it can be broadly concluded that sperm in

the neat ejaculate with SDF values below 15% should be

regarded as normal for this parameter, those ranging from

>15% to <30% are likely to have some fertility problems,

whereas individuals with levels of SDF >30% are considered

to have substantial problems in producing offspring through

natural conception.

Figure 7 shows an example of the distribution of SDF in dif-

ferent patient groups including those with leukocytospermia,

Chlamydia and Microplasma infection, testicular cancer, and

varicocele. It is clear from this data that the tendency to show

increased levels of SDF is linked to the clinical condition of

each patient. Notably, sperm donors usually have low levels

of SDF in the ejaculate. Despite these generalities, there are still

cases wherein patients with SDF values of over 30% are in fact

fertile and males with an SCD value below 15% are clinically

infertile. It is therefore important that SDF be considered

not as a seminal characteristic in isolation but as an additional

parameter to the complete semen analysis and with reference

to specific type of fertility treatment utilized (e.g. intrauterine

insemination (IUI), IVF, ICSI).

Question 8: Is there a cutoff level for SDF that
can predict pregnancy?

One of the most comprehensive studies to correlate SDF and

pregnancy outcome was a multicenter survey that included

622 couples (Vélez de la Calle et al., 2008). The findings of

Vélez de la Calle et al. was similar to Muriel et al. (2006),

whereby correlation between pregnancy and SDF was not as

high as that claimed in other studies (Evenson and Wixon,

2008). Nevertheless, they did find a strong correlation between

the frequency of sperm cells with high levels of SDF and a

reduced rate of oocyte fertilization, embryo quality, and rate

of blastocyst implantation, and this issue has also recently been

reviewed in a meta-analysis (The Practice Committee of the

American Society for Reproductive Medicine, 2013). We pro-

pose two possible reasons for these somewhat disparate results.

The first explanation is related to the use of sperm selection

techniques. The incorporation of sperm selection technology

contributes to a plethora of potential factors that may affect

SDF. These techniques include density gradient centrifugation,

swim-up procedure, or more sophisticated approaches such as

the use of ultra-high magnification sperm selection

(MESOME-IMSI), magnetic activated cell sorting (MACS),

or hyaluronic binding acid assays that may produce different

levels of sperm DNA damage removal. Secondly, as clinicians

typically only select those embryos of highest quality for trans-

fer, any correlation of SDF with successful pregnancy is likely

to be masked by the selective sampling of embryos.

Another limitation of this type of data set is that the studies

do not sufficiently clarify two very important factors that could

make the comparisons much more meaningful. The first would

be to include a clear reference as to whether the SDF values

were those associated with neat or selected sperm, and the sec-

ond relates to the possible impact of iatrogenic damage on

sperm prior to fertilization. There is a clear tendency for SDF

Figure 7. Distribution of SDF values in a group of sperm donors
(n ¼ 112) and patients with leukocytospermia (n ¼ 73), Chlamydia/
Micoplasma infection (n ¼ 144), testicular cancer (n ¼ 89), and
clinical varicocele (n ¼ 85). SDF: sperm DNA fragmentation.
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in a given sample to increase with in vitro manipulation, but

this is rarely acknowledged by researchers or clinicians or

accounted for in their analyses. We have repeatedly reported

that there is significant individual variation in the dynamic

behavior of this parameter among individuals (Gosálvez

et al., 2009a, 2009b, 2011b, 2011c).

Consequently, we are of the opinion that there needs to be a

clear reference to the time when the SDF was initially assessed

with respect to ejaculation and the time when the sperm was

used for fertilization, as these measures could be substantially

different in some individuals. For ICSI, the gold standard

value for SDF assessment for the purposes of correlation

with embryonic development characteristics and/or pregnancy

should be that which has been assessed at the time of sperm

injection (SI). Values of SDF of sperm specimens used for IVF

or IUI are dependent on sperm DNA longevity since fertiliza-

tion occurs some hours after sperm presentation to the oocyte,

and subsequently, it can be hypothesized that those individuals

with inherent high sperm chromatin stability are also likely to

have the greatest chance of successful fertilization.

We have previously suggested that an ideal model to assess

the impact of SDF on pregnancy, with respect to assisted repro-

duction, would be to use donor oocytes of proven quality so that

the influence of the female factor infertility can be minimized

(Nuñez-Calonge at al., 2012). Using this experimental model,

assessing SDF and sperm motility at the time of SI and using the

same sperm sample that was processed for ICSI, we noted that

there was no difference in the fertilization or cleavage rates,

embryo quality, or sperm motility between pregnant and non-

pregnant couples. However, SDF values of nonpregnant cou-

ples (SDF ¼ 23.9%) were significantly higher than that of

pregnant couples (SDF ¼ 17.0%) (Núnez-Calonge et al.,

2012). Using a similar experimental design, but also assessing

the level of SDF immediately following ejaculation and after

swim-up at the time of ICSI fertilization, we also found that

there was a decrease in SDF values of the ejaculated semen

sample following the swim-up protocol, but to our surprise,

pregnancy could be equally predicted from SDF values derived

from either neat or swim-up semen samples (Gosálvez et al.,

2013a).

Question 9: Should SDF be assessed as a
static or dynamic value?

In our opinion, this is a crucial issue that has been poorly studied

or not even acknowledged by most andrologists. It is well

accepted that the sperm quality declines over time following

ejaculation and critical parameters such as membrane quality,

motility, and fertilization capacity, rapidly decrease without

cryopreservation, even using the most optimal conservation

strategies. Despite this, experiments that have examined the

impact of the loss of sperm DNA quality post-ejaculation on

reproductive outcome were until recently extremely rare. More

recently, observations of what happens to the sperm following

ejaculation have started to emerge in a broad range of mamma-

lian species and have revealed that SDF can significantly

increase post-ejaculation and that this rate of SDF increase is

highly variable both between and within a species (Gosálvez

et al., 2007, 2009a, 2011b; López-Fernández et al., 2008).

Moreover, regardless of the period of time between ejaculation

and sample analysis, in those cases where IVF or IU are used,

the sperm must be alive in order to reach the oocyte. In these

cases, there is dependence in the motility and viability charac-

teristics, and this adds a confounding element to the impact of

SDF on pregnancy. Although some authors have drawn atten-

tion to this issue (Dalzell et al., 2004), in almost 99% of the pub-

lications we have reviewed, there has been no explicit reference

to the time elapsed between the sample recruitment, the SDF

value obtained, and the level of SDF at the time of fertilization.

This dynamic aspect of SDF is best visualized if we emulate

those conditions of sperm handling following initial semen col-

lection in the clinic. The physiological temperature for sperm in

the female reproductive tract is supposedly around 36�C, so if

we examine sperm DNA fragmentation during and after a

period of incubation at this temperature, we may be able to

detect individuals who are more prone to DNA damage than

others. In fact, under incubation conditions that mimic the tem-

perature in the female reproductive tract, it may be possible to

show a rapid increase in SDF within the first 2 h of incubation.

In some individuals, this increase is estimated to occur as high

as 8% per hour, and in some cases it may exceed 80% after 24h

of incubation (Gosálvez et al., 2009a). From a biological stand-

point, this indicates that if the semen sample is used for IVF or

ICSI, the level of DNA fragmentation of sperm inoculated or

co-incubated with the oocyte may be greater at the time of fer-

tilization than that observed in the initial assessment. In routine

IVF, oocytes are exposed to sperm overnight with a maximum

of 20h, and in some cases, this extended period of co-incubation

has been shown to cause problems in the normal embryo devel-

opment; in fact, some studies have recommended only short

periods of co-incubation to achieve better rates of fertilization

(Bungum et al., 2006). It is possible that these problems in

embryonic development are related to an increased incidence

of sperm DNA damage that occurs during co-incubation.

It is interesting to note that the dynamic aspect of SDF varies

dramatically among species and among individuals of same

species (Gosálvez et al., 2007, 2009a, 2009b; López-Fernández

et al., 2007; Pérez-Llano et al., 2006). Hence, there may be sig-

nificant value in assessing the DNA fragmentation dynamics of

an individual patient in advance so that this information can be

incorporated into an improved strategy of how to handle the

sperm prior to the IVF or ICSI procedure. Such studies could

easily be applied to donor sperm banks in order to select those

individuals exhibiting the highest level of DNA stability

(Gosálvez et al., 2013b).

Question 10: Can treatment reduce the
levels of SDF?

Being uncertain as to the principle factors and effectors contri-

buting to SDF and its association with different groups of

patients, it is, therefore, difficult to find an overarching remedy
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to the problem. Even so, there are number of studies that have

clearly identified oxidative damage as playing a crucial role in

the incidence of SDF (Gharagozloo and Aitken, 2011; Tremel-

len, 2008). Some research groups have also provided evidence

that diets rich in antioxidants may help to reduce SDF. Thus,

compounds or elements in the diet such as vitamins A, C, and

E; carnitine; folate; zinc; or selenium, all appear to be important

in maintaining DNA stability and, therefore, indirectly play a

key role in fertility (Agarwal and Said, 2004; Bansal and Bilas-

puri, 2010; Comhaire and Mahmoud, 2003; Wong et al., 2000,

2002). As a general observation, low intake of nutrients with

antioxidant properties typically results in a negative effect on

the quality of semen (Eskenazi et al., 2005; Lewis et al.,

2006). Other authors have suggested that a diet rich in vitamins

C and E and beta-carotene could improve male reproductive

capacity, through a corresponding reduction in oxidative dam-

age (Vioque and González, 1991; Willett et al., 1985). How-

ever, this type of statement needs to be balanced, for in some

cases, substances with antioxidant capacity that theoretically

could protect DNA damage were not similarly effective when

in vitro or in vivo applications were compared (Akmal et al.,

2006; Keskes-Ammar et al., 2003). In other cases, minimal but

elevated intakes of critical oligoelements such as zinc may dra-

matically increase the level of SDF (Garcı́a-Contreras et al.,

2011). This was also observed in the combined use of ascorbate

and acetyl cysteine or alpha-tocopherol (Ebisch et al., 2006;

Pasqualotto et al., 2000). While some antioxidant oral treat-

ments appear to reduce the percentage of SDF and improve

reproductive outcome in patients with high levels of SDF

(Chavarro et al., 2008), the problem in having strong conclu-

sions about this topic is that we are providing antioxidant treat-

ments to patients, when the level or type of oxidative stress has

not been adequately determined. This may lead to a conclusion

on the effects of antioxidants in patients that may already have a

balanced level of oxidative capacity, and in these cases, it is also

possible that we could be indirectly producing negative effects

through overdosage.

In addition to any possible beneficial treatment derived from

antioxidant treatments, alternative methodologies for sperm

selection, such as the use of IMSI to select high-quality sperm

morphology, MACS to eliminate apoptotic sperm, testicular

biopsy to avoid sperm DNA during sperm maturation, hyaluro-

nic binding assays to select sperm ready to produce the acroso-

mic reaction, or reduction in the abstinence periods prior to

assisted reproduction, may directly or indirectly reduce the

level of sperm DNA damage that shall be found in the sperm

sample to be used for fertilization. The patient may benefit from

these alternatives once the level of SDF and the clinical frame

of the patient has been analyzed.

Epilogue

Fertility, and more precisely reproductive outcome, is a multi-

factorial phenomenon that involves the participation of two

gametes emerging from each partner. With respect to the male

factor and SDF in assisted reproductive techniques and

according to the data presented here or otherwise published, it

can be concluded that the assessment of this parameter is rec-

ommended at least in (i) cases of recurrent pregnancy losses,

(ii) cases of interrupted embryo development after IVF, (iii)

couples with more than three successive IVF failures, (iv) cases

of unexplained infertility, and (v) cases of semen donor for

cryobanking purposes.

In order to help clarify the role of SDF as clinical parameter

for the prediction of pregnancy, we propose a series of simple

standardization practices that can be easily implemented in all

andrology laboratories. Firstly, any SDF associated with

iatrogenic-induced damage should be minimized through a

reduction in poor or prolonged sperm handing in vitro, and this

can be achieved by minimizing the sperm storage time post-

ejaculation so as to ensure that the semen sample is processed

and used for fertilization, soon after liquefaction or cryopreser-

vation. Iatrogenic SDF can also be reduced by avoiding incuba-

tion of the neat ejaculate at 37�C; instead, we recommend that

sperm either be maintained at room or chilled at 15�C, as the

methodology used in other mammalian species, to reduce the

rate of SDF. Secondly, we advocate conducting serial ejacula-

tions once every 24 h for 4 days before sperm recruitment—this

will diminish the level of SDF after sperm selection and provide

a semen sample that is more representative of the patient

(Gosálvez et al., 2011d; Sánchez-Martı́n et al., 2013). Finally,

we suggest the creation of a personal sperm mini-cryobank for

each patient to allow for the selection of ejaculates with the low-

est levels of SDF for fertilization. All these procedures will help

to standardize and optimize sperm quality so that the real rela-

tionship between SDF and pregnancy can be established.

The questions we have formulated and attempted to answer

are primarily from the perspective of male factor fertility but

could equally be applied to the female factor. As the collection

and assessment of sperm DNA fragmentation is a relatively

simple process when compared to recovery of the female

gamete, this has unfortunately also led to a high level of ignor-

ance regarding the role that DNA quality can play in the homo-

gametic sex. This lack of knowledge, however, does not relieve

oocyte DNA from being adversely affected by processes of

apoptosis, oxidative stress, or other impacting effectors that

may produce DNA damage. Given the importance of the oocyte

to understanding the mystery of SDF in predicting reproductive

outcome, it is therefore crucial to not place too much credence

on the relationship between pregnancy failure and SDF until our

knowledge of the oocyte’s contribution is better documented.

There needs to be an improved understanding of not only the

oocyte’s capacity to repair sperm DNA damage but also the

quality of the DNA carried in the oocyte. While it is obviously

impossible to determine DNA quality of the oocyte without

destroying the cell, it may still be technically feasible to assess

the DNA quality of the adjacent cumulus cells as an indirect

measure of oocyte DNA quality.

The assessment of SDF, must therefore, be considered as a

piece of a larger jigsaw puzzle that must be more fully assem-

bled in order to better understand the importance of DNA

integrity in forging a normal individual. Laboratory tests that
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evaluate sperm quality should inform us not only on the abil-

ity of sperm cell to reach the egg but also on its ability to fer-

tilize the oocyte and produce a stable balanced genome that

facilitates normal embryonic growth. Paraphrasing the words

of Makhlouf and Niederberger (2006), we should investigate

not only those moderators of infertility associated with the

“carrier” of the DNA package but also, and perhaps more

importantly, the “content” or the quality of the molecule that

is transported. Determination of the levels of fragmentation

can provide beneficial information in certain andrological

pathologies and should be a complement to the routine

analysis of the standard semen parameters. In modern medi-

cine, SDF should be simultaneously evaluated in the clinical

context of each patient or partner. The dynamic and variable

rate of sperm DNA degradation observed in each male is

an irrefutable proof that this level of detailed analysis is

required.

Having now presented and answered some of the most FAQs

on SDF, we can now reflect on our simplistic initial question:

What sperm cell do you think will have more reproductive suc-

cess: the one presenting a complete, orthodox, and linear DNA

molecule or one that is fragmented? In this case, the correct

response might not be that obvious or even logical—Well, the

sperm cell which has its complete DNA molecule. Even a naive

exponent of reproductive biology would readily understand that

if evolution has successfully shielded the genetic information

contained in the spermatozoon for all this time, discovering the

whole truth and mysteries of sperm DNA fragmentation may

not be an easy task. Last but not least, it is likely that the whole

truth is currently beyond our present dogma or methodologies,

so to fully answer the question we will first need to establish a

different paradigm.
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Pérez-Crespo M, Pintado B and Gutiérrez-Adán A (2008) Scrotal heat

stress effects on sperm viability, sperm DNA integrity, and the off-

spring sex ratio in mice. Molecular Reproduction and Development

75(1): 40–47.
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