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Abstract

Purpose To evaluate the effect of sperm concentration adjustment in human ejaculates on the sperm DNA quality and longevity.
Methods Semen samples were obtained from 30 donors with a normal spermiogram. Following centrifugation, the sperm pellet
was resuspended in PBS, and the sperm concentration adjusted to 200, 100, 50, 25, 12, and 6 x 10%/mL. Each set of samples was
incubated at 37 °C for 24 h, and the sperm DNA damage was assessed using the chromatin-dispersion test following 0 h, 2 h, 6 h,
and 24 h of incubation.

Results Sperm DNA fragmentation (SDF) did not differ between the selected experimental conditions at TO; however, Kaplan—
Meier estimates for survival showed significant differences with respect to the dilution and time (all P values were smaller than
.001). DNA fragmentation in semen samples adjusted to 200 x 10®/mL was approximately 3.3 times higher when compared to
samples containing 25 x 10%mL and 3.9 higher in comparison with samples adjusted to 12 x 10®/mL following 2 h of in vitro
incubation. Although there was evidence of individual variation in SDF during the incubation period, the general finding was that
lower sperm concentrations resulted in a slower rate of DNA fragmentation.

Conclusions Incubation of spermatozoa for ART purposes should be done following a concentration adjustment below 25 x 10%/

mL in order to avoid a higher susceptibility of the sperm DNA molecule towards fragmentation.

Keywords Sperm DNA fragmentation - Sperm concentration - Fertility - Male factor

Introduction

When different human ejaculates are compared, one of the
main variations observed is the large fluctuation existing in
the sperm count [1]. Such differences are even larger, but stable
within a determined range, when different mammalian species
are compared [2]. This reflects that, under natural conditions,
the reproductive strategies associated to any species are highly
sperm-concentration dependent; however, a tolerance for the
sperm count in the ejaculate does exist within each species.
Nevertheless, assisted reproduction techniques (ARTs) have
challenged this biological rule, and high sperm concentration,
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associated to normal individuals, is no longer required for a
successful reproductive outcome. For example, in bulls, the
sperm concentration in a neat ejaculate is averaged on 400 x
10°, while commercial straws for insemination purposes are
usually adjusted to 20 x 10°/mL spermatozoa [3, 4] or even less
than 5 x 10%mL when sex-sorted sperm is used [5].

Successful artificial insemination (Al) relies on the delivery
of a sufficient and effective number of spermatozoa into the
female reproductive tract. However, low number of spermato-
zoa used for insemination must be compensated with sperm
characteristics such as acceptable motility, normal morpholo-
gy, stable membranes, and the ability to undergo acrosome
reaction and above all, spermatozoa must have good DNA
quality in order to successfully participate in syngamy produc-
ing an orthodox and stable 2n zygote [6, 7]. In fact, in the era
of intracytoplasmic sperm injection (ICSI), sperm DNA integ-
rity has become increasingly more important to achieve preg-
nancy rather than the number of spermatozoa present in the
ejaculate. In contrast, when other reproductive strategies such
IVF or intrauterine insemination (IUI) are used for fertiliza-
tion, larger quantities of spermatozoa are still mandatory [8],
but the quality control of DNA is not excluded.
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Most clinical studies still address sperm DNA integrity as a
static property, providing information concerning the amount
of spermatozoa with DNA damage at a determined time mo-
ment, which is usually associated with the ejaculation-
collection time. It must be however emphasized that DNA,
like any other vital biomolecule present in the spermatozoon,
tends to accumulate damage proportionately to the increasing
time of exposure to in vitro conditions [9-11]. As such, the
loss of sperm fertilizing ability may be directly associated with
such dynamic growth of DNA damage in relation to the time
of in vitro semen exposure [10]. To emphasize on such DNA
longevity, we have previously established the rate of sperm
DNA fragmentation (r-SDF) defined as the increment of SDF
in a specific time unit (generally hours), when spermatozoa
are exposed to the in vitro environment under specific exper-
imental conditions [7, 11].

Using ram as an experimental model, we have demonstrat-
ed that lower sperm concentrations may result in a slower -
SDF [12]. Rams usually present an extremely high sperm
concentration when compared with other species [13, 14],
but we found that reducing this concentration to values be-
tween 12 and 6 million spermatozoa per milliliter leads to a
stabilization of SDF, while also increasing the relative sperm
DNA longevity. Because these findings may have important
implications for in vitro manipulation of ejaculates used for
ARTs and given that advanced reproductive procedures tend
to use sperm at low concentrations, the aim of this study was
to analyze the effect of sperm concentration on the sperm
DNA integrity. For this purpose, we designed an experiment
where sperm DNA longevity was dependent on two different
variables, incubation time and sperm concentration, when the
samples were exposed to equivalent experimental conditions.

Material and methods

Semen samples for this study were obtained from 30 healthy
donors (age 0f 28.5 + 2.0 years) during the spring and summer
0f 2017. All subjects had to accomplish the criteria for semen
quality as per the WHO laboratory manual for the examination
and processing of human semen (concentration > 15 million/
mL, motility >40%, morphology > 4%, Endtz-negative) [15].
All subjects provided an informed consent to use the sample
for the purposes of the experiments. All specimens were col-
lected following 3 days of abstinence and left to liquefy for
30 min. Subsequently, the samples were centrifuged at 300xg
for 5 min and the seminal plasma was discarded. The resulting
sperm pellet was resuspended in PBS (Dulbecco’s phosphate-
buffered saline; Sigma-Aldrich, St. Louis, USA). Six different
aliquots from each sample where adjusted to final concentra-
tions of 200, 100, 50, 25, 12, and 6 million/mL.

An aliquot of each sample was rapidly subjected to an
initial SDF assessment which was considered as SDF-TO.
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Furthermore, to evaluate the sperm DNA longevity, we calcu-
lated the rate of SDF (r-SDF) of each sample incubated at
37 °C and ambient atmosphere for 24 h following 2 h (SDF-
T2), 6 h (SDF-T6), and 24 h (SDF-T24) of incubation. The r-
SDF was defined as the increase in SDF per time unit (h). The
periods of evaluation considered were r-SDF T0-2, r-SDF
T2-6, and r-SDF T6-24.

Sperm DNA fragmentation was assessed using
Dynhalosperm® (Halotech DNA, Madrid, Spain). Tubes con-
taining aliquots of low-melting point agarose were placed in a
water bath at 90-100 °C for 5 min to fuse the agarose, and
subsequently transferred to an incubator at 37 °C. After 5 min
of incubation, 20 pL of the sample was mixed with the fused
agarose. Twenty microliters of the semen-agarose mix was
pipetted onto slides pre-coated with agarose and covered with
a 20 x 20-mm coverslip. The slides were then placed on a cold
plate at 4 °C for 5 min to allow the agarose to turn into a
microgel with the spermatozoa embedded within. The cover-
slips were gently removed, and the slides immediately im-
mersed horizontally into an acid solution for 7 min.
Subsequently, the slides were placed into a lysis solution for
20 min. After washing in distilled water for 5 min, the slides
were dehydrated in 70% and 100% ethanol for 2 min each and
finally air-dried.

All slides were stained using SYBR Green (2 pg/mL)
(Sigma-Aldrich, St. Louis, USA) in VECTASHIELD
(Vector Laboratories, Burlingame, CA) and a minimum of
300 spermatozoa per sample were scored using an
Epifluorescence Leica DMI6000 microscope using a dry
x40 fluorite magnification objective (Leica Microsystems,
Wetzlar, Germany).

All data were analyzed using the SPSS 17 (SPSS Inc.,
Chicago, IL) program. The Wilcoxon signed-rank test was
used to compare SDF as well as r-SDF in specific time
frames. To determine if the final concentration affected
the dynamics of SDF over time, survival curves using
the Kaplan—Meier analysis were created, reporting newly
fragmented sperm DNA cells that appeared following
each incubation time. The curves were compared using a
log-rank test. To normalize the data, the background SDF
was subtracted from each incubation time, thus producing
a common starting survival value of 100% survival. The
level of significance was set as P <0.05.

Results

Static assessment

Following the chromatin dispersion test, spermatozoa
without DNA fragmentation exhibited haloes of chroma-

tin emerging from the nuclear core, while these haloes
appeared small or completely absent in cells positive for
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DNA fragmentation (Fig. 1). A special, highly affected
subgroup of spermatozoa, called degraded sperm, could
be easily recognized as the nuclear core appears irregular-
ly or faintly stained. Sperm DNA fragmentation increased
over the time of incubation, independently of the final
sperm concentration used in our experiment.

The net results of SDF assessed at different time frames are
shown in Fig. 2 while results from the comparative analysis of
SDF between the experimental groups are shown in Table 1.
SDF values at TO were obtained using sperm samples once the
sperm was liquefied and centrifuged and the seminal plasma
was removed. These values are common for all the experi-
mental conditions depending on the sperm concentration.

Dynamic assessment

Following in vitro incubation, the % SDF increased in a time-
dependent manner in all experimental groups. Sperm incuba-
tion in the presence of 200 x 10°/mL and 100 x 10®/mL for
24 h resulted in a dramatic loss of sperm DNA quality, and a
high proportion of spermatozoa was fragmented by the time
the incubation had ended (Fig. 3a). Nevertheless, SDF values
being also high at 24 h compared with TO was lower in groups
with 12 x 10°/mL and 6 x 10°/mL, respectively (compare
value distribution range at Fig. 3b).

With respect to sperm DNA longevity, the highest r-SDF
was observed between TO and T2. This r-SDF diminished in
case of 200 x 10°/mL, 100 x 10%/mL, 50 x 10°mL, and 25 x
10°/mL between T2 and T6, while it slightly increased in the
groups containing 12 x 10%mL and 6 x 10°/mL. The lowest r-
SDF intensity was observed following between T6 and T24.
The results on r-SDF following sperm incubation among dif-
ferent experimental groups are presented in Table 2.

The SDF dynamics followed a pattern corresponding to the
data obtained from the static assessment of SDF consistent
pattern when r-SDF was higher in samples with higher sperm

Fig. 1 Interpretation of the SCD
procedure (a). Spermatozoa
without DNA fragmentation
show haloes of chromatin around
a compact core (b, ¢), whereas
such haloes appear small (d) or
absent (e) in cells containing
fragmented DNA. In case of
degraded spermatozoa, the
nuclear core appears irregularly or
faintly stained (f)

concentration. The most dramatic loss of sperm DNA quality
occurred during the first 2 h of incubation.

Discussion

The experimental rationale used in the present experimental
design let us assume that the sperm concentration used for
processing is affecting the DNA stability in samples used for
insemination purposes. The lower the concentration, the better
the DNA longevity, and this is maintained until values of 10 x
106/mL, on average, are achieved. This result has two impor-
tant implications: (i) for in vitro sperm handling, it is less
aggressive to use sperm concentrations close to 10 million
per mL. For ICS], this concentration is enough to select one
sperm for injection purposes. (ii) Ten million of spermatozoa
seems a physiological condition where spermatozoa do not
interact so frequently preventing the negative impact of iatro-
genic damage. Interestingly, similar values of sperm concen-
tration to achieve a maximum level of DNA stability were
observed in ram, the only species that has been analyzed under
such scope by now [12]. Do other mammalian species behave
in a similar fashion? By now, this is an open question that
when investigated may give some interesting clues about
choosing the right logistic pathway for insemination purposes
in a wide range of species. What we have observed is that
although in vitro DNA longevity is highly dependent of sperm
concentration, probably the genetic design associated to each
individual is also contributing to show inter-individual differ-
ences at equivalent sperm concentrations. In fact, in previous
reports a variable ratio between protamine 1 and protamine 2
residues has been detected among different patients [16].
Based on a convincing amount of evidence emphasizing on
a strong explanatory value of SDF in distinguishing potential-
ly fertile and infertile subjects [1, 6, 7, 9, 17, 18], several
studies have been carried out to establish a threshold value
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Fig.2 a-fBox and Whisker diagram showing the distribution of sperm DNA fragmentation. Values observed in samples containing 200 x 10° (a), 100 x
10° (b), 50 x 10° (c), 25 x 10° (d), 12 x 10° (e), and 6 x 10° (f) spermatozoa per mL

for sperm DNA damage that could provide more insight into
the fertilization potential of a semen sample. Among different
assays currently available for sperm DNA testing, assessments
of the chromatin structure and integrity are described to be
simple and precise with high repeatability and predictive value
[19]. Different studies [20-22] have established a reference
value for SDF ranging between 12 and 25% to differentiate
between infertile and fertile subjects.

Even though the semen samples used in this study accom-
plished the criteria for semen quality, a high degree of individ-
ual susceptibility towards DNA fragmentation was observed
among the samples where certain subjects presenting a relative-
ly high level of SDF at TO rapidly increased within 2 h of
incubation. At the same time, SDF of such individuals was,
to a large extent, unaffected by dilution, indicating that the
DNA damage was most likely their inherent feature, most

Table 1 Long-rank Matel-Cox and chi-square comparative analysis of SDF between the experimental groups
Concentration 200 x 10%/mL 100 x 10%/mL 50 x 10%/mL 25 x 10%mL 12 x 10%mL
100 x 10%mL X>=93.8
P 0.000
50 x 10%mL x> =357.7 X’ =877
P 0.000 P 0.000
25 % 10%mL x> =710.7 x> =299.6 X’ =642
P 0.000 P 0.000 P 0.000
12 x 10%mL x> =8582 x> =402; X’ =643 =8
P 0.000 P 0.000 P 0.000 P 0.000
6 x 10%mL x> =913.5 X>=4419 X’ =1399 X’=149 =10
P 0.000 P 0.000 P 0.000 P 0.000 P 0.300
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Fig. 3 a Kaplan—Meier survival curves displaying sperm DNA fragmenta-
tion values observed in samples exposed to 200 x 10%mL (blue), 100 x 10/
mL (green), 50 x 10%/mL (yellow), 25 x 10%mL (pink), 12 x 10%mL (violet),

likely indicating a comparatively lower fertility. Inversely, other
subjects had a consistently lower level of SDF independently of
sperm concentration, which is why it may be speculated that
such individuals could have an inherently low level of SDF and
consequently might be associated with higher fertility.

The concentration-dependent dynamic behavior of sperm
DNA quality provides a new focus on the complex scenario of
sperm DNA quality assessment. This aspect relays on the fact
that DNA integrity should be considered a marker for semen
quality evaluation in ARTs [7, 17, 23], but it could be also
considered at the time of organizing the laboratory logistics
for ART purposes. Nevertheless, a static consideration of
SDF, i.e., a discrete value obtained at a generally unreported
time following ejaculation, is currently more accepted. As
such, our results reflect on the biological fact that static
SDF is only reflecting on a single and specific frame of a
complex condition that is dependent upon time, individu-
al, and environment. Such evidence becomes even more
important when we consider that at any ART laboratory,
fertilization is usually not rapidly performed following
semen collection because of logistic delays.

Numerous reports [7, 9, 23—27] focused on the influence of
an extended incubation on SDF emphasize on the fact that
sperm DNA fragmentation may be considered a complex
and dynamic feature, rapidly evolving over the time elapsed
between the initial spermiogram and the real use of the semen

T T T T T T
0,00 500 10,00 15,00 20,00 25,00

Incubation Time (h)

and 6 x 10%mL (orange). b Kaplan—Meier survival curves revealing minimal
differences in DNA fragmentation dynamics between samples containing
12 x 10%mL (blue) or 6 x 10%mL (red) spermatozoa

sample in UL, IVF, ICSI, or cryopreservation. Because of
such dynamic behavior, we must acknowledge that the real
reproductive outcome will reflect on the state of sperm DNA
molecule at the time of the actual sperm—oocyte interaction
rather than during the primary assessment of the ejaculate a
few hours prior. In fact, several authors [28, 29] emphasized
on a significant time-dependent loss of sperm DNA integrity
which may significantly compromise the resulting embryo
quality in humans. Similar results were obtained on suitable
experimental models such as zebrafish [30] and rabbits [31].
Particularly in the case of zebrafish, although the fertilization
rate was not particularly affected after causing an experimen-
tal increase of sperm DNA fragmentation by an intentional
delay in the use of ejaculates, statistically significant differ-
ences were observed in the embryogenesis in comparison with
rapidly used semen following ejaculation [29]. In the case of
rabbits, the rate of stillborn pups was significantly higher in
does inseminated by males with a high r-SDF, when they were
compared to those with a low r-SDF. Additionally, the risk of
stillborn was higher in males exhibiting high r-SDF values
[31]. Accordingly, sperm DNA longevity has the potential to
be used in the prognosis of ART outcomes, particularly in the
case of [U insemination where DNA longevity could compen-
sate for low sperm concentration or motility.

Processing and incubation conditions of spermatozoa
prior to ARTs may also have a significant impact on the

Table 2 Distribution of the rate of
sperm DNA fragmentation (r-

r-SDF T0-2

r-SDF T2-6 r-SDF T6-24

SDF) values observed in

experimental groups

200 x 10%mL
100 x 10%mL
50 x 10%mL
25 x 10%mL
12 x 10%/mL
6 x 10%mL

7.28+2.93 (6.18-8.37)
4.86+2.79 (3.82-5.90)
3.47+2.05(2.074.23)
2.25+1.94 (1.53-2.98)
1.83+1.91 (1.11-2.54)
1.64+2.06 (0.87-2.41)

3.32+1.98 (2.58-4.06)
2.62+1.74 (1.97-3.27)
2.12+1.33 (1.62-2.61)
1.62+1.28 (1.15-2.09)
1.58+1.21 (1.12-2.03)
1.56+1.20 (1.12-2.01)

1.21+£0.59 (0.99-1.46)
1.18 £0.61 (0.95-1.41)
0.94+0.56 (0.73-1.15)
0.85+0.48 (0.66-1.03)
0.77 £0.49 (0.58-0.95)
0.76 £0.45 (0.59-0.93)

The values are depicted as mean + SD (CI 95%)

@ Springer



804

J Assist Reprod Genet (2019) 36:799-807

sperm DNA longevity. In general, male gametes are incu-
bated at 37 °C and 5% CO, for at least 1-2 h before ICSI
or insemination. Interestingly, Matsuura et al. [25] found
that incubation under the conventional conditions, while
maintaining temperature and pH, could induce further
sperm DNA fragmentation. In our case, we chose to in-
cubate the samples at 37 °C and ambient atmosphere.
Although we did not examine SDF either at room temper-
ature or in an atmosphere of 5% CO,, it may be feasible
to evaluate sperm DNA longevity under different incuba-
tion conditions applicable to a specific ART.

In human ejaculates, the contribution of sperm concen-
tration in the semen quality assessment has been denied.
However, in other species this is not the case. A number
of reports on mammalian and avian spermatozoa [12,
32-35] have studied the effects of sperm concentration
on the quality of semen, particularly following freezing
and thawing. There is a general consensus that a greater
concentration of spermatozoa results in the reduction of
sperm motility and viability. Furthermore, Moghbeli et al.
[35] reported that malondialdehyde (MDA), a specific
marker of lipid peroxidation, increased correspondingly
to the increase of sperm concentration. Such observation
could be attributed to the excess production of reactive
oxygen species (ROS) by damaged spermatozoa and ac-
rosomal enzymes, which in turn may contribute to the
destabilization of vital biomolecules, which could have a
larger effect in case of higher sperm concentrations [18,
36, 37]. Oxidative stress has indeed been suggested as one
of the leading factors contributing to sperm DNA damage
[38—40]. According to this hypothesis, besides possible
seminal leukocytes, immature or morphologically defect
sperm with excessive amounts of residual cytoplasm
may contribute to the resulting seminal oxidative stress
[41]. At the same time, oxidative stress may result from
an imbalance between ROS overproduction and the activ-
ity of antioxidants present in semen [42], which may be-
come more pronounced when the sperm concentration is
higher. On the one hand, ROS overgeneration has been
implicated as a leading cause for DNA fragmentation in
spermatozoa [43], while on the other, semen processing
has also been shown to increase ROS generation in sperm
[44, 45]. As such, DNA fragmentation in spermatozoa
subjected to in vitro handling may be, to a large extent,
caused by ROS overproduction and oxidative damage [36,
46, 47]. Dead or dying spermatozoa are likely to substan-
tially contribute to ROS overgeneration [48, 49] via mem-
brane alterations and the release of active enzymes into
the medium. Accumulation of toxic metabolites and free
enzymes, including those found in the acrosome, may
ultimately result in the degeneration of the surviving sper-
matozoa. As such, when spermatozoa degrade, they may
do so cumulatively and exponentially. This theory may

@ Springer

explain DNA fragmentation dynamics observed in our
experiment, as more concentrated spermatozoa were more
likely to be exposed to ROS in comparison to those incu-
bated at lower concentrations, and this effect seems to be
more aggressive during the first 2 h of incubation. In this
sense, removal of dead or dying spermatozoa prior to any
ART using swim-up or Percoll gradient could offer a
higher degree of protection for sperm DNA quality.
Nevertheless, we must bear in mind that the selection of
the appropriate semen processing method is highly depen-
dent on the initial quality of the semen sample, as the
specific properties of the ejaculate have a direct conse-
quence on the final choice of a sperm preparation method.
While the swim-up procedure or density gradient centri-
fugation is usually chosen for good-quality samples, a
wash procedure is usually selected in case of extreme
oligozoospermia for ICSI procedures. In this study, we
have used a simple wash procedure to adjust the concen-
tration in normozoospermic samples. As such, it must be
noted that a low-quality sample could react differently
under the same experimental conditions.

Based on the experimental groups designed in this study,
we may predict that highly concentrated semen samples with-
out a well-planned dilution may be likely more vulnerable to
increased DNA damage. This negative effect has often been
overlooked in clinical andrology and could be associated with
poor success of Al or IVF in certain cases of employing sig-
nificantly more concentrated semen samples. In this respect,
more sperm cells may not necessarily be the best option, and
an overabundance of spermatozoa could actually be detrimen-
tal to the survival of the sperm population as a whole, at least
prior to the dilution, such as observed in a number of animal
species [12, 33-35].

A question that may be asked is that if sperm concen-
tration has a direct effect on the rate of DNA damage, it
would be plausible to know if there is an optimal sperm
concentration for each individual, in terms of preventing
DNA fragmentation during semen processing. A semen
sample containing over 15 million sperm per milliliter is
considered normal, according to the WHO [15]; however,
there is no recommended sperm concentration for the use
of extended or cryopreserved semen in ARTs. In this
study, DNA fragmentation in semen samples adjusted to
200 x 10%/mL was approximately 3.3 times higher when
compared to samples containing 25 x 10° and 3.9 higher
in comparison with samples adjusted to 12 x 10%/mL fol-
lowing 2 h of in vitro incubation. As such, we may sug-
gest that lowering the sperm concentration of processed
semen may be beneficial to the DNA integrity of sperma-
tozoa; however, it is critical to confirm if such a lower
sperm concentration could contribute to a higher concep-
tion rate. Numerous factors may contribute to real-life
fertility rates besides sperm parameters. Results like those
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here reported let us be iterative on the fact that each ejac-
ulate destined for ART must be considered as a unique
specimen and its subsequent manipulation must be per-
formed according to the results of previous tests to fully
understand individual in vitro sperm resilience.

An important limitation of this study is the use of PBS
to adjust the sperm concentration and for subsequent in-
cubation. Although PBS is a common basic choice for
general semen processing, real-time ART procedures in-
volve more complex media, often containing substances
providing energy and/or protection to male gametes, such
as glucose and antioxidants. Such extenders are suitably
buffered to have pH and pKa values most appropriate for
use with human gametes as well as for the procedures in
which they are commonly used [50]. Furthermore, most
extenders for human semen contain proteins (such as se-
rum albumin) and complex components such as egg yolk
which may prolong the sperm DNA longevity when com-
pared to buffers free of any supplement [51, 52]. At the
same time, a simple semen washing procedure may in-
crease the risk for ROS sources (i.c., already dead or
damaged spermatozoa) to be in close contact with healthy
gametes [36, 39]. This cumulative effect of ROS derived
from all sources may be subsequently negatively correlat-
ed with a normal sperm function and fertilization potential
in vitro [18, 37, 40]. As such, we may suggest repeating
our experiments using low-quality semen samples, com-
plex media for sperm processing, and procedures used
more commonly in human ART laboratories.

Conclusion

The individual nature of SDF depending upon time and
sperm concentration was revealed in this study, demon-
strating that SDF has not a static conception. This is
why we are prone to assess sperm DNA fragmentation
under standardized conditions of incubation time and
sperm concentration, particularly in species with sperma-
tozoa predisposed to experience high rates of DNA
damage, and this includes humans. It seems that incu-
bation of spermatozoa for ART purposes should be done
following a concentration adjustment below 25 x 10° and
with a minor risk if performed at 10 x 106, in order to
avoid a higher susceptibility of the sperm DNA mole-
cule towards fragmentation. The information gained
from our experiments could be particularly relevant to
those reproductive technologies such as Al, IVF, ICSI,
all of which require semen survival for extended periods
of time before the sperm has reached the oocyte.
Logically, as the use of highly diluted semen could re-
duce the incidence of DNA fragmentation, this may pro-
vide better fertility outcomes.
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