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Abstract

The aim of this study was to investigate whether a relationship exists between the presence of low numbers of
leukocytes in normal ovulatory cervical mucus and sperm quality and lipid content after migration. The percentages
of live, motile and morphologically normal spermatozoa, movement parameters assessed by computer-aided sperm
analysis (CASA), and ionophore-induced acrosome reaction measured by flow cytometry were determined before
and after migration. High-performance liquid chromatography with ultraviolet detection was used to measure the
sperm lipid content, including the various diacyl subspecies. The number of leukocytes found in solubilized mucus
samples was counted using a haemocytometric method. Overall, the presence of leukocytes in the cervical mucus
samples did not significantly influence sperm motility and morphology, sperm kinematic parameters, or the sperm
content in sphingomyelin or cholesterol. In contrast, after migration, the decrease in various sperm diacyls and the
level of induced acrosome reaction was significantly less pronounced in mucus samples containing > 10* leukocytes
than in mucus samples with no or rare leukocytes whereas the level of induced acrosome reaction was higher. The
present data suggest that the low level of leukocytes found in normal ovulatory cervical mucus could influence the
process of sperm lipid remodelling/capacitation.
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Several studies, which were essentially in vitro
studies, have shown that both the microenvironment
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of the female genital tract and the physiological status
of the uterine cervix play a role in the acquisition of the
fertilizing ability of sperm [1, 2]. However, we still know
very little about how precisely-and by which molecular
mechanisms-the female genital tract participates in
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sperm capacitation. Moreover, in vivo data in the field
are sparse. Using a method allowing the spermatozoa
to swim in and out of human cervical mucus samples,
we recently reported that human spermatozoa lose
noticeable amounts of several lipid species after in
vitro migration through ovulatory cervical mucus
[3]. We currently do not know the possible mode of
action, the exact role of the mucus composition or the
putative consequences of the sperm-mucus interaction
on sperm-fertilizing ability. Nevertheless, it can be
speculated that cervical mucus may contribute to the
sperm capacitation process through a significant remo-
delling of the plasma membrane [4].

In addition to the pathological condition of endo-
cervicitis, in which huge numbers of leukocytes are
found in the cervical mucus, a physiological infiltration
of the ovulatory cervical mucus by low numbers of
leukocytes after sperm entry into the female genital
tract, a process termed as the ‘leukocytic reaction’,
has been described, and it has been shown that
neutrophils are the major leukocytes involved [5-7].
However, whether the ‘leukocytic reaction’ has a role
in fertilization and how it could eventually affect sperm
structures and functions is not currently known. Despite
the described leukocyte infiltration of the normal
cervical mucus and the fact that routine microscopic
examination of the normal mucus collected for in vivo
or in vitro tests of the sperm-mucus interaction often
shows the presence of low numbers of cells, which
may include leukocytes, the normal ovulatory cervical
mucus should ideally contain a minimum number of
cells; maximal cellularity scores should be 3 or 2 using
the cervical mucus World Health Organization (WHO)
scoring method [8]. Polymorphonuclear leukocytes
(PMN or neutrophils) are the major producers of
reactive oxygen species (ROS) and strong generators
of the superoxide anion [9]. A leukocyte-induced
oxidative attack has been repeatedly shown to severely
damage the spermatozoa, either in vivo or in vitro, and
particularly when the enzymatic and non-enzymatic
antioxidative defences of the milieu and the sperm cell
itself are overwhelmed [10]. The highly significant
decrease in the vitamin E (a-tocopherol) content of
sperm after migration, which was reported earlier in
the study of Feki ef al. [3], may at least partly lower
the resistance of sperm to an oxidative process in
the female genital tract. In contrast, it has now been
established that low amounts of ROS are necessary for
sperm capacitation, acrosome reaction or hyperactivated

motility, and it has been shown that inhibitors of
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase, the enzyme responsible for the neutrophil’s
respiratory burst, decrease sperm capacitation in vitro
[11, 12]. All together, these observations raise the
following questions: Do the low levels of leukocytes
observed in normal ovulatory cervical mucus play
a direct/indirect role in the first steps of the sperm
capacitation process or, more generally, do they have
any putative contribution in the acquisition of the ferti-
lizing ability of sperm?

In this preliminary study, we investigated whether
the presence of leukocytes in normal ovulatory cervical
mucus samples from healthy women modulates routine
semen characteristics, sperm kinematic parameters,
the acrosome reaction and the lipid profiles of human
spermatozoa from healthy donors.

2 Materials and methods

2.1 Cervical mucus: donor inclusion, collection, exami-
nation and selection

Cervical mucus samples were collected from
volunteers claiming not to have had coitus for a period
of at least three days before mucus collection. In
addition, we included only the volunteers who had not
received any medications having a potentially negative
effect on mucus properties—for example, oestrogen-
containing or progesterone-containing contraceptive
pills—in the 3 months before the study. Informed consent
was obtained from all donors. Only ovulatory cervical
mucus samples were collected between the ninth and
fourteenth days of the menstrual cycle. The cervix was
exposed with a sterile speculum. Excess debris was
removed with a large cotton swab and the mucus was
carefully aspirated from the endocervix using a special
capillary device (Aspiglaire; CCD, Paris, France). To
guarantee that the mucus samples studied were devoid
of spermatozoa before the experiments, each collected
sample was carefully examined microscopically, and
we excluded the rare cases in which spermatozoa
were observed, as well as those contaminated with
blood or vaginal secretions. The mucus samples
were scored using the WHO scoring method and only
normal samples according to the WHO criteria (score
in the range of 10-15) were used for the experiments
[8]. The leukocyte concentration (x 10° mL") in the
cervical mucus was assessed after mucus solubilization
with 5 mg mL™") bromelain (Sigma-Aldrich, Saint-
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Quentin Fallavier, France) and peroxidase staining
using a haemocytometric method [8]. Rough leukocyte
counts in the mucus were estimated by multiplying the
concentration with the volume of the mucus sample
collected.

2.2 Semen collection

Semen samples were collected at the laboratory
from healthy donors by masturbation after 3—5 days of
sexual abstinence. Informed consent was obtained from
all donors.

2.3 Experimental design of the study

The procedure used to allow sperm to migrate into
and out of the cervical mucus has been reported earlier
[3]. In this study and for each experiment (see below),
we pooled three semen samples from three donors.
A 1-mL aliquot of each freshly prepared semen pool
was washed twice in Earle’s medium (Eurobio, Les
Ulis, France) and centrifuged for 10 min at 600 x g to
remove extracellular lipids. The pellet was resuspended
in a final concentration of 10" spermatozoa mL™) in
Earle’s medium. Part of this preparation was kept for
the lipid assessment (see below) and the remainder was
incubated at 37°C for 1 h before the acrosome reaction
assessment. In all, 2 mL of pooled semen samples was
placed in a Nunc tube (dimensions 100 x 14 mm with
push-on cap), and the cervical mucus was then carefully
placed on top of the semen suspension and incubated at

37°C in 5% CO: in air for 25 min to allow the sperm to
penetrate into the cervical mucus.

The mucus samples were then rinsed twice with
Earle’s solution to remove spermatozoa that had not
entered the mucus and incubated in 3 mL of Earle’s
solution at 37°C in a 5% CO: atmosphere for 30 min.
The spermatozoa that had migrated out of the mucus
were recovered, washed and prepared using the same
procedure as that used for the spermatozoa from the
semen pool. Similarly, their concentration was adjusted
to be 10’ mL™"). Figure 1 illustrates the general design
of the study with the main tests carried out before and
after migration: routine semen analysis, kinematic
parameters assessment by computer-aided sperm
analysis (CASA), acrosome reaction and measurement
of sperm lipid content.

2.4 Sperm tests

Each semen pool was analysed following the
WHO recommendations (1999) [8] except for sperm
morphology, which was routinely assessed using a
modified version of the method described by Auger
et al. [13]. The same characteristics were assessed
for the sperm preparations after migration. Various
sperm kinematic parameters were assessed using CASA
with the Hamilton-Thorne Version 10 HTM-IVOS
analyzer (Hamilton-Thorne BioSciences, Beverly, MA,
USA) before and after migration. We followed the
CASA guidelines of the European Society of Human

Pool of spermatozoa
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Figure 1. Flow chart of the experiments. Details of the modified swim-out method are reported in Feki ez al. [3]. CASA, computer-

aided sperm analysis; PMN, polymorphonuclear leukocytes.
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Reproduction and Embryology and measured the
following parameters: straight line velocity (VSL,
um s, average path velocity (VAP, um s™), curvilinear
velocity (VCL, um s™'), beat cross frequency (BCF,
Hz), amplitude of lateral head displacement (ALH,
um), straightness of trajectory (STR, %) and linearity
of trajectory (LIN, %). The analyzer was set up to
assess standard human sperm motility: frame rate,
60 Hz; frames acquired, 30; STR threshold, 80.0%;
medium VAP cut-off, 25.0 um s"'; and temperature,
37°C [14]. A minimum of 200 motile sperms from
at least four different fields were analysed from each
sample. Spontaneous and induced acrosome reactions
were assessed in washed sperm preparations before
and after migration into the cervical mucus. An aliquot
of each sperm sample studied was incubated with
calcium ionophore A23187 (Sigma-Aldrich) in a final
concentration of 10 umol L™ for 30 min at 37°C to
artificially induce the acrosome reaction. After being
washed in phosphate-buffered saline (PBS), both aliquots
were resuspended in a 20-uL anti-human CD46 FITC-
conjugated monoclonal antibody (Beckman Coulter,
Miami, FL, USA) and mixed well. Test tubes were
incubated at 37°C for 30 min in the dark, followed
by centrifugation with 1 mL PBS. Final pellets were
resuspended in 1 mL PBS and then analysed with
a flow cytometer (Beckmann Coulter) as described
earlier [15]. According to the WHO guidelines
(1999) [8], results were expressed as the percentage
difference between induced and spontaneous acrosome
reactions.

2.5 Lipid extraction and assessment

Aliquots (1 mL) of the washed sperm pools or
sperm preparations recovered after migration, both
adjusted to the same concentration, were mixed
with 3 mL of chloroform-methanol (2:1, v/v). The
mixtures were vortexed and centrifuged immediately
at 600 x g for 10 min. The chloroform layer (under
the phase containing lipids) was evaporated under
nitrogen. The dried lipid residue was dissolved in
125 uL of methanol just before being injected into
the high-performance liquid chromatography (HPLC)
system. The HPLC equipment included an automatic
injector with a 200-uL sample loop and an ultraviolet-
visible light detector (Thermo Finnigan, Villebon
sur Yvette, France). Molecular species belonging
to different phospholipid classes (1-alkenyl-2-acyl,
called plasmalogen or plasmenyl; 1-alkyl-2-acyl,

termed plasmanyl; and diacyl), vitamin E, cholesterol
and sphingomyelin were separated using two serial
analytical columns: a 250 x 4.6 mm C18 and a 150 x
4.6 mm C8 Kromasil 5 um, respectively (AIT, Houille,
France). Each phospholipid peak separated by HPLC
was collected and the acyl and alkenyl groups were
identified by selective hydrolysis [3]. Each peak of
interest on a chromatographic profile was identified by
comparing its retention time with that of commercial
standards. The concentration of each component was
determined by comparing the surface of the peaks
with that of the standards.

2.6 Statistical analysis

All statistical analyses were carried out using the
BMDP statistical software (Los Angeles, CA, USA)
[16]. The non-parametric Wilcoxon signed-rank test
for paired data was used to test the difference for each
variable measured in the pool and the sample after
migration. The Mann-Whitney non-parametric test was
used for all other unpaired two-sample comparisons.

3 Results

It was possible to report a leukocyte (PMN) count
in the mucus for four samples: 3 x 10%, 5 x 10*, 8 x 10"
and 8 x 10%, whereas for the remaining seven samples
no leukocytes (or only rare leukocytes not sufficient in
number to be counted) were observed. Therefore, an
arbitrary threshold of 10* leukocytes in the mucus was
used in the following experiments to distinguish ‘PMN-
free’ mucus samples when the leukocyte count was < 10%,
roughly corresponding to 3 or 2 WHO cellularity scores,
and ‘PMN+’ mucus samples were defined as having a
leukocyte count > 10°, roughly corresponding to 1 or 0
WHO cellularity scores.

Overall, the proportion of motile, live and normal
spermatozoa was significantly improved after migration
into cervical mucus, whereas the kinematic parameters
remained unchanged (Table 1). The number of PMNs
in the cervical mucus did not significantly change these
results. The percentage of induced acrosome reaction
was significantly increased after migration into the
cervical mucus (15.9 = 10.9 vs. 5.7 = 6.4, respectively;
P <0.005). The percentage of induced acrosome
reaction in sperm samples after migration into PMN-free
cervical mucus was significantly lower than that of the
sperm samples that migrated into PMN+ mucus (9.2 +2.0
vs. 18.4 + 3.5, respectively; P < 0.05).
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Table 1. Sperm characteristics and kinematic parameters (mean + SD) before and after migration through the cervical mucus with rare
or absent leukocytes (PMN-free) or with noticeable amounts of leukocytes (PMN+ ).

PMN-free (n=7)

PMN+ (n = 4)

Before migration

After migration

Before migration

After migration

% of live sperms 76+ 6 85+ 8" 80+4 83+ 16"
% of normal sperms 39+8 50+ 15° 43 +£8 53+ 12°
Total motility (%) 53+£9 76+ 11° 57+15 76 £ 20°
Progressive motility (%) 36+ 14 52+12° 35+ 16 52 +£25°
VSL (um s™) 54+16 5548 50+7 50+ 13
VAP (um's™) 62+ 14 64+ 10 58+5 58+13
VCL (ums™) 91 +20 106 + 25 86+ 5 94+ 16
ALH (um) 3.6+0.6 43+1.1 35402 41404
BCF (Hz) 28+ 1 28+3 303 28+ 1

STR (%) 84+ 6 83+5 83+6 83+6

LIN (%) 59+6 53+6" 57+7 53+£8"

Abbreviations: ALH, amplitude of lateral head displacement; BCF, beat cross-frequency; LIN, linearity of trajectory; PMN, polymorpho-
nuclear leukocytes; STR, straightness of trajectory; VAP, average path velocity; VCL, curvilinear velocity; VSL, straight line velocity.
P <0.01, in the comparison of the washed pooled spermatozoa and the washed spermatozoa after migration into the mucus sample.

Table 2. Lipid and phospholipid molecular species content (mean + SD) in spermatozoa before and after migration through cervical
mucus with rare or absent leukocytes (PMN-free) or with noticeable amounts of leukocytes (PMN+).

Lipid and phospholipid species PMN-free (n =7) PMN+ (n=4)

(nmoL per 10° sperms) Before migration After migration Before migration After migration
D*16:0/22:6 333+538 19.3 £7.0° 339+42 292+43
D16:0/20:4 56+02 23+1.5° 52+0.3 4.0+0.5
D16:0/18:2 11.5+1.8 2.8+2.3" 11.0+3.2 62+22°
D18:0/22:6 8.9+19 3.0+ 1.5° 9.5+22 7.0+ 1.6°
D18:0/20:4 5.0+09 1.1+1.3" 45+0.8 3.8+04°
Total diacyls 68.0£13.1 28.8+10.1" 65.6 8.3 51.9+92°
Plasmalogen 20.9+10.8 72+24 164+34 126+1.8
Sphingomyelin 379+7.0 16.1 £7.2° 41.0+17.0 239+39
Cholesterol 943 +6.7 51.6+13.4" 90.6 +£25.3 50.2+6.4

Abbreviation: PMN, polymorphonuclear leukocytes.

P < 0.05 in the comparison of the washed pooled spermatozoa and the washed spermatozoa after migration into the mucus sample;

°P < 0.05 in the comparison of the washed spermatozoa that migrated into PMN+ and those that migrated into PMN-free mucus samples.
D*: diacyls (D16:0/22:6 (1-palmitoyl-2-docosahexaenoyl-sn-glycero-3-phospholipid); D16:0/20:4 (1-palmitoyl-2-arachidonoyl-sn-
glycero-3-phospholipid); D18:0/22:6 (1-stearoyl-2-docosahexaenoyl-sn-glycero-3-phospholipid).

The level of most sperm lipids after migration
into either PMN+ or PMN-free cervical mucus was
significantly decreased (Table 2). However, the difference
between pre- and post-migration values was significantly
lower in the presence of PMN than in the absence of PMN
for all of the assessed phospholipid molecular species,

except for cholesterol and sphingomyelin (Figure 2).
The spermatozoa that migrated into the mucus containing
leukocytes had a non-significantly decreased cholesterol/
total diacyls ratio compared with the spermatozoa in the
pool before migration (mean £ SEM: 1.12 £ 0.13 vs.
1.44 £ 0.18, respectively; P = 0.25), whereas those that
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Figure 2. Individual difference (%) from the initial value (100%) for several sperm lipids after migration into PMN-free (strait lines)
and PMN+ (dotted lines) mucus samples. The percentage difference from the initial value was significantly smaller in the presence
of PMN than in the absence of PMN for the majority of assessed phospholipid molecular species (P = 0.02 for 22:4/16:0, P = 0.007
for18:2/16:0 and 20:4/18:0, P = 0.008 for 22:6/18:0 and P = 0.03 for total diacyls), but not for cholesterol, sphingomyelin or plasmalo-
gen (P =0.85, P=0.18 and P = 0.06, respectively). PMN, polymorphonuclear leukocytes. Diacyls: D16:0/22:6 (1-palmitoyl-2-docosa-
hexaenoyl-sn-glycero-3-phospholipid); D16:0/20:4 (1-palmitoyl-2-arachidonoyl-sn-glycero-3-phospholipid); D18:0/22:6 (1-stearoyl-2-

docosahexaenoyl-sn-glycero-3-phospholipid).

migrated into the PMN-free mucus had a non-significantly
increased ratio compared with the spermatozoa in the pool
used (1.80 + 0.24 vs. 1.39 £ 0.08, respectively; P = 0.16).
The sperm cholesterol/total diacyl ratios for the migrated
spermatozoa were significantly different between the
PMN+ and PMN-free groups (1.12 & 0.13 vs. 1.80 = 0.24,
respectively; P = 0.04), whereas the ratio values for the
spermatozoa of the two pools were similar (1.39 = 0.08 vs.
1.44 + 0.18, respectively; P=0.85).

4 Discussion

The interaction of spermatozoa with the secretions
of the female reproductive tract is of critical importance
for the survival and functional ability of spermatozoa
[2, 17]. The cervical mucus, especially at or just before
ovulation, plays a pivotal role through its receptivity
to the spermatozoa and its filtering property, based on
differential sperm motility and morphology. Our study,
which was conducted on normal human semen samples
and normal ovulatory mucus samples, clearly shows
that the presence of low numbers of leukocytes in the
cervical mucus had no impact on the filtering function
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of mucus towards sperm motility or morphology,
whereas it significantly mitigated the process of the
decrease in sperm lipids after migration, as reported
earlier [3]. In addition, the extent of inducible acrosome
reactions and that of the decrease in lipid levels also
differed, depending on the presence of leukocytes in the
mucus samples studied.

These intriguing new data bring the unanswered
question of the role of the leukocytic reaction of
ovulatory mucus up to date [5]. A dual role for this
leukocyte infiltration has been speculated: the non-
specific protection of the upper reproductive tract
against bacterial intrusion and the phagocytosis of the
nonviable/non-fertilizing sperm populations left at the
cervix [7]. Indeed, leukocytes in the mucus induce
recognition and removal of apoptotic cells during
inflammation of the cervix [18], but the unequivocal
inflammatory condition of the endocervicitis, in which
high numbers of activated leukocytes are involved,
is not similar to the physiological situation of the
leukocytic infiltration of the normal ovulatory cervical
mucus by low numbers of leukocytes. Unfortunately,
only a sparse amount of data on the magnitude of
cells and/or leukocytes in normal pre-ovulatory/
ovulatory mucus has been reported. Thompson et al.
[7] reported concentrations of leukocytes in the pre-
ovulatory cervical mucus of potentially fertile women
that are slightly higher than the values found in this
study. This could be explained by the fact that these
authors used a more sensitive method-an immunobead
cell selection assay—for detecting all of the leukocytes
present in the mucus, whereas our method detected
only the inactivated PMN. Interestingly, Thompson
et al. [7] have shown that the leukocyte concentration
in cervical mucus increased after an insemination and
that this ‘leukocytic reaction’ varied in terms of onset,
duration and intensity, according to the initial levels of
leukocytes detected in the baseline period. This may
explain, at least in part, the variable leukocyte content
observed in this study. It should be pointed out that
although all the women included in our study had at
least 3 days of sexual abstinence (and no spermatozoa
were observed in their mucus), measurable numbers of
leukocytes were detected for some, but not for others.
This raises questions about the relationship between a
sperm’s entry into the female genital tract during the
pre-ovulatory period and the presence of leukocytes in
the mucus. However, we cannot rule out the possibility
that some of the volunteers may not have strictly

followed the 3-day abstinence period or that some may
have had coitus 4-5 days before the test.

Several investigators have shown evidence suggest-
ing an apparent priming effect of cervical mucus
on capacitation [19, 20]. The present findings of a
significantly decreased amount of sperm lipids and
a significantly increased level of inducible acrosome
reaction after sperm migration into mucus samples
support this view. This effect is similar to the influence
of capacitating media, but sperms require a much
longer exposure incubation time (24 h) before they
show similar acrosome reactivity [2].

We found that the levels of phospholipid molecular
species and plasmalogens were less reduced after
migration through leukocyte-infiltrated mucus samples
than through mucus samples free of leukocytes,
whereas cholesterol levels (or sphingomyelin levels)
were not significantly modified. This resulted in lower
sperm cholesterol/phospholipid ratios after migration
into mucus samples containing leukocytes than in
mucus samples with no detected leukocytes. As there is
a relationship among the cholesterol/phospholipid ratio,
sperm membrane fluidity and the capacitation process
[21, 22], this could suggest that the spermatozoa that
migrated into mucus samples containing leukocytes
reached a more advanced capacitation step. On the
other hand, this explanation may be incorrect, because
the kinematic parameters were similar between the
sperm samples that migrated into mucus samples
that contained leukocytes and those that did not. On
the contrary, the percentage of acrosome reaction
was lower for the spermatozoa that migrated into the
PMN+ mucus samples. Therefore, our data instead
suggest that the low leukocyte levels found in the pre-
ovulatory normal mucus samples decrease the ability
of the cervical mucus to promote capacitation. This
may play a favourable role by delaying capacitation
and decreasing precocious acrosome reactions. This
assumption warrants further experiments.

It has been established that the lipid molecular
species of the sperm membrane, which have a high
polyunsaturated fatty acid content, are the major target
for lipid peroxidation [23]. In this study, we found that
the levels of such species, for example, 1-palmitoyl-2-
docosahexaenoyl-sn-glycero-3-phospholipid (16:0/22:6)
and 1-stearoyl-2-docosahexaenoyl-sn-glycero-3-
phospholipid (18:0/22:6), were less reduced in the sperm
after migration. Owing to the prelimi- nary nature of our
study, it is not known whether the leukocytes are directly
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or indirectly involved in the sperm lipid removal or
what the mode of action is. It can be hypothesized that
this qualitatively and quantitatively controlled lipid
removal could result in a sperm oxidative status that
allows the physiological oxidative reaction involved
in the sperm capacitation process to occur [24]. In
addition, it has been shown that a controlled incubation
of sperm with low numbers of activated PMNs resulted
in an increase in sperm capacitation [25]. Thus, the
low levels of neutrophils present in the mucus could
be one of the main direct and/or indirect factors of
this physiological reaction (our unpublished data).
However, this presupposed favourable role of the
leukocytes should plausibly depend on the oxidative
balance in the ovulatory cervical mucus and, therefore,
on the level of pro- and anti-oxidant system activity in
the cervical mucus in the light of the fact that leukocyte
levels as low as those found here in the mucus are able
to exert a toxic effect on sperm in vitro when added in a
milieu not containing scavenging compounds [26, 27].

The significance of infiltrating leukocytes in impairing
the functional capacity of spermatozoa was investigated
by Zalata et al. [28]. These authors reported impairment
of the acrosine activity of sperm without impairment of
the basic semen parameters. It is not known whether
this effect is reversible. Anti-inflammatory and pro-
inflammatory molecules such as cytokines could act
directly on spermatozoa to enhance their level of lipid
peroxidation, indicating a direct ROS production by the
spermatozoa. The mechanism by which cytokines can
stimulate ROS production by the spermatozoa is not
clearly understood [29].

In conclusion, the present data provide evidence of
a relationship between the PMN leukocytes contained
in normal ovulatory mucus and the sperm lipid status
after migration, suggesting a possible physiological
role of leukocytes in the complex process of acquisition
of the fertilizing ability of sperm in vivo. This process
involves complex molecular changes, notably in the
sperm plasma membrane composition and architecture,
including lipid changes and exposure of receptors
that initiate in the female genital tract. Our findings
contribute to a better knowledge of sperm—mucus
interaction and sperm capacitation in vivo, which remains
a major step towards solving the many unanswered
questions in reproductive biology and could allow the
improvement of in vitro capacitation and, consequently,
the outcome of in vitro fertilization. It should also help
in the understanding of some aspects of male infertility

and could contribute to the avoidance of assisted repro-
ductive technologies in the future.

Further experiments are required to confirm the
present results and decipher the molecular mechanisms
possibly involved, as well as the exact role played by the
leukocytes. In the light of the facts associating sperm
capacitation with the production of oxidative anions,
studies on the effect of cervical mucus composition and
cellular content on the production of ROS are warranted.
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