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Human Cervical Mucus Can Act in Vitro as a Selective
Barrier Against Spermatozoa Carrying Fragmented DNA
and Chromatin Structural Abnormalities
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Purpose : We have carried out experiments to determine if human cervical mucus can act as
an in vitro selective barrier against spermatozoa morphologically normal that carry genetic
structural abnormalities.
Methods : Sperm chromatin abnormalities have been evaluated by Chromomycin A3 and
“endogenous” nick translation.
Results : The data obtained have shown that spermatozoa possessing higher levels of DNA pro-
tamination are more proficient in crossing the cervical mucus barrier. Moreover, the levels of
positivity to endogenous nick translation treatment was practically zero in such spermatozoa.
Conclusions : We suggest that sperm penetration of cervical mucus could be used to select
sperm preparations free of fragmented DNA or chromatin structural abnormalities for assisted
reproduction.
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tion; spermatozoa.

INTRODUCTION

The passage of spermatozoa across human cervi-
cal mucus in vitro has been used to provide impor-
tant predicting information regarding sperm func-
tion (1–3). An important clinical use of cervical
mucus is in the diagnosis of sperm autoimmunity
since spermatozoa heavily coated with antisperm an-
tibody are unable to penetrate it (4). Traditional se-
men parameters such as concentration, motility, and
morphology of spermatozoa have also been demon-
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strated to influence sperm-cervical mucus penetration
(2,5–11).

During the last decade, a number of studies have
shown that variable but consistent fractions of hu-
man spermatozoa not always detectable on the basis
of classic morphological parameters, contain serious
chromatin structural abnormalities and DNA strand
breaks (12–18). The existence of an association be-
tween sperm chromatin malformation and male in-
fertility has been repeatedly observed in humans and
structural chromatin abnormalities have been found
to exert negative effects both on the percentage of fer-
tilization and on embryonic development (17,19–21).

This study aims to determine the potential of hu-
man cervical mucus as an in vitro selective barrier
for spermatozoa carrying genetic and structural ab-
normalities, respectively evaluated by “endogenous”
nick translation (NT) and Chromomycin A3 (CMA3).

NT is a technique used to evaluate the presence
of endogenous nicks in the DNA. Indeed, in the
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presence of preexisting endogenous nicks, the DNA
polymerase I can catalyze movement of the nicks
along the double helix by virtue of its 5′-3′ exonu-
cleotic activity (16). Therefore in situ NT can be useful
to point out nuclear DNA damage.

CMA3 is a useful tool for rapid screening of sub-
fertility in man, as it seems to allow an indirect visu-
alization of protamine-deficient DNA (14,15,22,23).
This molecule has been shown to bind as a Mg2+-
coordinated dimer at the minor groove of GC-rich
DNAs and to induce a conformational perturbation in
the double helix resulting in a wider and shallower mi-
nor groove at its binding site (24,25). In addition, when
CMA3 binds the DNA, it also compresses its wide
major groove (26), usually occupied by protamines.
For these reasons the conformational arrangement
adopted by the DNA-protamine complex can limit
the access of CMA3 to the minor groove. So CMA3

can also be used as an indicator of underprotaminated
spermatozoa (23).

MATERIALS AND METHODS

Preparation of Semen Samples and Slides

Semen samples were obtained from 20 men at-
tending the Clinic of Sterility, University Hospital of
Geneva, Geneva, Switzerland. All samples were ran-
domly obtained on the basis of availability and con-
sent. No data on specimen were available to the re-
searchers when the experiments were performed.

Sperm parameters varied considerably and ranged
from a concentration of 1× 106 spermatozoa per mL
and 10% progressive motility to 180 × 106 sperma-
tozoa per mL and 58% progressive motility. Ejacu-
lates from each donor were divided in two fractions.
The first fraction was washed twice with PBS (137-
mM NaCl, 2.7-mM KCl, 10-mM Na2HPO4/KH2PO4)
Ca++ Mg++ free and centrifuged. Spermatozoa were
then fixed in methyl alcohol-acetic acid 3:1, at 4◦C, for
15 min and then spread on slides.

Human cervical mucus was obtained, after in-
formed consent from healthy, fertile women undergo-
ing ovarian stimulation for IVF or ICSI procedures,
on the day of induction of ovulation just before ad-
ministration of 10,000 IU of human chrorionic go-
nadotrophin (HCG). Only mucus of good quality was
used (WHO score >12). Interaction between sperm
samples and cervical mucus was random. No analysis
of the selecting power of the cervical mucus of each
single patient on the sperm of her partner was per-
formed for this study.

The mucus was aspirated into a capillary tube
(Aspiglaire, Biomerieux, France), one end of which
was put in contact with the surface of the semen. Af-
ter 3 h and 30 min of incubation at 37◦C in 180 µL
of T6 medium, spermatozoa able to reach the other
end of the capillary tube were centrifuged to eliminate
the mucus and smeared on slides. Smears were fixed
in methyl alcohol-acetic acid 3:1 at 4◦C, for 15 min.

The slides were treated with CMA3 and in situ nick
translation.

In Situ NT Assay and CMA3 Staining

In situ NT was performed as previously described
(15) by omitting the endonuclease treatments, since,
as already referred, in the presence of preexisting
DNA endogenous nicks, the DNA polymerase I,
by virtue of its 5′-3′ exonucleolitic activity, can cat-
alyze movement of the nicks along the double he-
lix. The only difference from the previously described
method was that Digoxigenin-11-dUTPs (Boehringer
Mannheim, Switzerland) were used.

For CMA3 staining, slides were treated for 20 min
with 100µL of CMA3 solution (0.25 mg/mL McIlvaine
buffer, pH 7.0, containing 10-mM MgCl2) (15) and
counterstained with DAPI. They were air-dried and
mounted with a 1:1 mixture of PBS and glycerol. In
nearly all cases an operator, working in the blind, ex-
amined at least 500 sperm cells on each coded slide.

Fluorescence analyses were performed using a
Zeiss Axioplan Microscope (Zeiss, Germany). The
nick translation and CMA3 staining levels were pre-
dominantly of all-or-nothing type under fluorescent
microscope observation carried out at 400x magnifi-
cation; the rare cells showing ambiguous fluorescence
were not taken into account.

RESULTS

All subjects analyzed showed variable percentages
of sperm with chromatin abnormalities, detected both
by CMA3 staining and in situ NT.

Spermatozoa showing CMA3 and/or in situ NT pos-
itivity were present both in unselected and selected
sperm fractions, but all subjects analyzed showed
percentages of CMA3 positivity consistently higher
than those observed after NT in both sperm fractions
(see Figs. 1 and 2). Moreover, the percentages of NT
positivity in selected spermatozoa were consistently
lower than those present in unselected spermatozoa
in all specimens (Fig. 3). The same result, with only
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Fig. 1. Comparison between percentages of posititvity to in situ NT (grey) and CMA3
(black) estimated in row spermatozoa. Statistical analysis shows that these two param-
eters are highly correlated: r = 0.7471, P < 0.001.

one exception, was observed after CMA3 treatment
(Fig. 4).

Statistical analysis carried out with t Student (pair
data) showed significant differences between the un-
selected spermatozoa and the spermatozoa selected
by cervical mucus, both with CMA3 (t = 5.256; P <

0.001) and in situ NT (t = 4.585; P < 0.001). More-
over statistical analysis showed the existence of a
highly significant correlation between in situ NT and

Fig. 2. Comparison between percentages of positivity to in situ NT (grey) and CMA3
(black) estimated in spermatozoa selected by cervical mucus. Statistical analysis shows
that there is no correlation between these two parameters: r = 0.08817, p = 0.7117.

CMA3 positivity in unselected sperm (r = 0.7471,
P < 0.001) (Fig. 5(a)), but not in spermatozoa se-
lected by cervical mucus (r = 0.08817, P < 0.7117)
(Fig. 5(b)).

DISCUSSION

In human reproduction the importance of cer-
vical mucus is well known: alterations in mucus
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Fig. 3. Percentage of positivity to in situ NT in unselected spermatozoa (black) and in
spermatozoa selected by cervical mucus (grey). t-test t = 4.485; p < 0.01.

biochemical properties are responsible for changes in
its receptivity toward spermatozoa (27–30). Eggert-
Kruse and coworkers (9) have evaluated how, in na-
ture, the barrier represented by cervical mucus could
play a selective role against spermatozoa of “bad qual-
ity.” These studies showed the existence of a strong
relationship between morphological abnormalities of
the sperm heads and inadequate mucus sperm pen-
etration. This is in agreement with previous exper-
iments performed by analyzing standard sperm pa-
rameters (31,32). However the results showed that
sperm morphology is only one element involved in the

Fig. 4. Percentage of positivity to CMA3 in unselected spermatozoa (black) and in
spermatozoa selected by cervical mucus (grey). t-test t = 5.256; p < 0.01.

sperm–mucus interaction and that this process can be
regulated by many other parameters.

The aim of our experiments was to evaluate the
cervical mucus efficacy as a selective barrier for sper-
matozoa carrying chromatin structural abnormalities,
without taking into consideration any of the tradi-
tional parameters so far evaluated. such as morphol-
ogy, concentration, pH, and motility.

In this connection, it must be remembered that sev-
eral studies have demonstrated that a variable but
consistent fraction of human spermatozoa exhibits
abnormalities in chromatin structure, not always
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Fig. 5. Correlation between percentages of positivity to in situ NT and CMA3 in unselected (a) and selected
(b) spermatozoa.

detected using classical parameters of evaluation (12–
18,33–35). Moreover the existence of a close relation-
ship between chromatin and DNA structural abnor-
malities and male infertility has been well pointed
out. Abnormalities of sperm chromatin structure have
negative effects on fertilization rate, embryo develop-
ment, and pregnancy outcome (17,19–21).

Our experiments have clearly shown that in vitro
use of cervical mucus as a selective medium for ejac-
ulated spermatozoa results in a definite and very sig-
nificant improvement of sperm quality. Indeed, our
data have demonstrated that spermatozoa showing
low levels of CMA3 positivity and thus possessing
high level of DNA protamination were able to cross
successfully the barrier of cervical mucus. Moreover
the levels of NT positivity in selected spermatozoa
are near to zero indicating the occurrence of unde-
tectable levels of DNA breaks in the DNA of such
spermatozoa. On this experimental basis we suggest
that cervical mucus should be used as an in vitro se-
lection system for sperm preparation to be used in as-
sisted reproduction techniques, because this method
practically eliminates the sperm with nuclear DNA
damage.
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