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SHORT COMMUNICATION

Comparison of four methods to evaluate sperm DNA
integrity between mouse caput and cauda epididymidis

Serafin Pérez-Cerezales, Alberto Miranda and Alfonso Gutiérrez-Adan

It is well known that transit through the epididymis involves an increase in the compaction of sperm chromatin, which acquires
fully condensed status at the caput epididymidis. The purpose of this study was to compare the terminal deoxyribonucleotidyl
transferase-mediated dUTP nick end-labelling (TUNEL) assay, the comet assay, the sperm chromatin structure assay (SCSA)
and the sperm chromatin dispersion (SCD) test by analysing spermatozoa from the caput and cauda epididymidis in order to
demonstrate the ability of each technique to discriminate between different degrees of sperm maturity related to chromatin
compaction and DNA fragmentation. Our results suggest that some populations of DNA-fragmented spermatozoa associated
with immature sperm can only be identified using the comet assay and the SCSA but not with the SCD test or the TUNEL

assay.
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INTRODUCTION

Sperm DNA fragmentation is gaining interest as a potential cause
of infertility, and several techniques to quantify DNA damage are
now used in the clinical setting. These assays include terminal
deoxyribonucleotidyl transferase-mediated dUTP nick end-labelling
(TUNEL) and single-cell gel electrophoresis (the comet assay) for
the direct detection of DNA ’fratgmen'[ation.l’2 Additionally, the
sperm chromatin dispersion (SCD) test and the sperm chromatin
structure assay (SCSA) can analyse the susceptibility of chromatin
to the denaturation™’ allowing a complete view of the status of the
nucleus in terms of DNA integrity and chromatin compaction.
Nevertheless, there is ample literature on these techniques present-
ing contradictory results in correlative analyses and in their ability
to reveal and discriminate DNA—chromatin status after exposure to
different damaging agents, depending on the species and the disease
studied.>*™® Therefore, each technique could explain different
aspects of sperm chromatin status.

Spermatozoa acquire their final maturation status during their pas-
sage through the epididymis. In eutherians, during this maturational
process, chromatin acquires its final highly compact status through the
formation of disulfide bridges between the protamines.” The objective
of this work was to determine and characterize chromatin integrity and
DNA compaction of mouse spermatozoa during their passage through
the epididymis, to test the ability of the four techniques to evaluate
chromatin compaction and integrity and to discriminate the different
degrees of DNA fragmentation that could be related to the differential
maturational status of the epididymal spermatozoa.

MATERIALS AND METHODS

Sperm from cauda and caput epididymidis was collected from ten 12-
week-old sexually mature CD1 male mice (Harlan, Oxon, UK) and
prepared according to the requirements for each analytical technique.
All animal experiments were performed in accordance with the
Internal Institutional Animal Care and Use Committee of the
National Institute for Agricultural and Food Research and Tech-
nology (Madrid, Spain). Sperm membrane integrity was evaluated
by using the fluorescence ‘live/dead kit (Molecular Probes, Eugene,
OR, USA) containing propidium iodide (PI) and SYBR-14.

For the SCD test, samples were processed by following the protocol
included with the SPERM-HALOMAX-Mus-FF kit (ChomaCell SL,
Madrid, Spain). Spermatozoa were classified as with or without a
halo; the percentage of spermatozoa with a halo was recorded for
each animal and epididymal section.

For the TUNEL assay, fragmented DNA was nick end-labelled with
tetramethylrhodamine-conjugated dUTP by a terminal transferase (In
Situ Cell Death Detection Kit; Roche Molecular Biochemicals, Sant
Cugat del Valles, Spain) for 1 h at 37 °C in the dark after chromatin
denaturation according to the manufacturer’s instructions.®

The neutral comet assay was performed as described by Olive and
Banath® to determine the percentage of DNA fragmentation in each
spermatozoa.

The SCSA was performed according to the inventor’s instructions’
using flow cytometry (Beckman Coulter, Brea, CA, USA).

The samples processed for membrane integrity, the SCD test, and
the TUNEL and comet assays were evaluated using a fluorescence
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microscope equipped with appropriate filters (Optiphot-2; Nikon,
Lijnden, The Netherlands).

Statistical analysis was performed with SPSS 14.0 software (IBM,
New York, USA) for Windows. The results were expressed as
means*s.e.m. and compared and analysed using one-way ANOVA
followed by the Bonferroni post hoc test. Significance was set at
P<0.05.

RESULTS

PI/SYBR-14 staining revealed a high permeability of the spermatozoa
membrane in the caput epididymidis, allowing PI penetration into
50.4%=3.2% of cells, whereas in the cauda epididymidis, the PI per-
meability was lower at 24.5%*4.0% (Figure 1a).

Analyses of chromatin with the SCD test and the TUNEL assay
did not reveal any differences between caput and cauda epididy-
mal spermatozoa and indicated low percentages of spermatozoa
with chromatin dispersion and DNA fragmentation (Figure 1b).
However, the neutral comet assay showed a greater presence of
double DNA strand breaks in the caput epididymal spermatozoa
(8.1%*0.7% with DNA in the comet tail) than in the cauda
(5.5%*0.3%) (Figure 1b).

This trend was maintained in the results obtained with the SCSA.
Flow cytometric analysis revealed a higher percentage of immature
cells, detected as cells showing high DNA stainability (% HDS)
and a higher percentage of DNA-damaged cells, defined as DNA
fragmentation index (% DFI) in the caput (19.5%*3.1% and
16.2%*4.6%, respectively) than in the cauda (2.5%*+0.4% and
5.8%%*1.0%, respectively) (Figure 2).

A significant positive correlation was found between the percentage
of comet tail DNA determined with the neutral comet assay (percent-
age of fragmented DNA caused by double-strand breakage) and the
percentage of immature cells (% HDS) obtained with the SCSA
(Figure 3a) (correlation coefficient of 0.64). Furthermore, both
SCSA parameters (% HDS and % DFI) were directly correlated with
each other (Figure 3b) (correlation coefficient of 0.51). Importantly,
comet tail DNA, which is considered to be a direct measure of DNA
fragmentation, was not correlated with % DFI (correlation coefficient
of 0.074), which is usually considered to be representative of a cell
population with fragmented DNA.
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Figure 1 Assessment of plasma membrane and DNA integrity. (a) Evaluation of
sperm membrane integrity. Histograms show the incorporation of propidium
jodide (PI) into spermatozoa from the caput and cauda epididymidis. (b)
Evaluation of sperm DNA fragmentation from the Halomax detection assay,
based on the sperm chromatin dispersion (SCD) test and the terminal deoxyr-
ibonucleotidyl transferase-mediated dUTP nick end-labelling (TUNEL) and neut-
ral comet assays (percentage of comet tail DNA). Values are expressed as
mean=s.e.m. *P<0.05, compared with caput epididymidis.
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Figure 2 % DNA fragmentation index (% DFI) and cells with high DNA stain-
ability (% HDS), as obtained by the sperm chromatin structure assay (SCSA) for
caput and cauda epididymal spermatozoa. Values are expressed as mean+
s.e.m. *P<0.05, compared with caput epididymidis.

DISCUSSION
Several studies pointed out that the different techniques developed for
the evaluation of sperm DNA fragmentation could explain different
aspects of sperm chromatin status.™® In this study, the immaturity of
the mouse spermatozoa in the caput epididymis was indicated based
on the higher permeability of the membranes to PI, as reported by
other authors."® Sperm chromatin undergoes the formation of disul-
fide bridges between protamines during transit through the epididy-
mis, increasing the compaction of the genetic material.'’ Our results
showed that neither the TUNEL assay nor the SCD test was able to
detect differences between caput and cauda epididymal spermatozoa,
which both showed low levels of DNA fragmentation and chromatin
dispersion. These results were different from those obtained with the
comet assay and the SCSA, which revealed different maturational
stages of spermatozoa, with more DNA fragmentation and less chro-
matin compaction in the caput than in the cauda epididymal sper-
matozoa. Both the TUNEL assay and the SCD test probably require
more marked DNA and chromatin damage before they can detect
these changes, indicating that they have lower sensitivity than the
SCSA and comet assay, or as has been suggested by other authors,
these techniques could provide different information concerning
chromatin status.*®

The correlation between comet tail DNA HDS and DFI
HDS shows the linkage between chromatin compaction and DNA
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Figure 3 Correlation between Comet assay and SCSA parameters. (a)
Correlation between the percentage of comet tail DNA and high DNA stainability
(% HDS) cells. (b) Correlation between the % DNA fragmentation index (% DFI)
and (% HDS) cells. Open circles represent cauda spermatozoa, and squares
represent caput spermatozoa.



fragmentation, defining the maturational status of the spermatozoa
in the epididymis.

Interestingly, no correlation was found between comet tail DNA
and DFI, parameters that theoretically indicate cells with fragmented
DNA. This observation suggests that when young and healthy animals
are analysed, DFI represents cells with a small amount of DNA frag-
mentation, reflecting an intermediate degree of chromatin compac-
tion. We propose that this population could remain at an intermediate
point during disulphide bridge formation, producing less green fluor-
escence than HDS (owing to the high degree of compaction that makes
DNA staining difficult), but greater red fluorescence than the main
population (owing to low compaction, which makes chromatin more
susceptible to denaturation under acidic conditions).

CONCLUSION

Both SCSA and the neutral comet assay were able to distinguish the
status of the sperm chromatin in cauda and caput epididymidis,
whereas the SCD test and the TUNEL assay demonstrated insufficient
resolving power to distinguish these differences.
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