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During spermatogenesis, sperm chromatin undergoes structural changes and results in a high condensation. This nuclear
compactionwould be useful as a predictor of sperm fertilization capacity and pregnancy outcome.We purpose to evaluate firstly the
relationship among chromatinmaturity assessed by aniline blue staining (AB) and the semen parameters in infertile men. Secondly,
we analyzed whether the sperm gradient density centrifugation is effective to select mature spermatozoa. Fifty-one ejaculates were
investigated by semen analysis and stained for chromatin condensationwithAB to distinguish between unstainedmature spermand
stained immature sperm. AB was applied also on 12 ejaculates which proceeded by density gradient centrifugation to compare the
rates of immature sperm before and after selection. Neat semen were divided into two groups: G1 (𝑛 = 31): immature sperm <20%
and G2 (𝑛 = 20): immature sperm ≥20%. No significant differences were detected in sperm concentration, motility, and normal
morphology between G1 and G2. However, the rates of some morphology abnormalities were higher in G2: head abnormalities
(𝑃 = 0.01) and microcephalic sperm (𝑃 = 0.02). We founded significant correlation between sperm immaturity and acrosome
abnormalities (𝑟 = 0.292;𝑃 = 0.03). Sperm selection has significantly reduced the rates of immature sperm. A better understanding
of chromatin structure and its impact on the sperm potential is needed to explore male infertility.

1. Introduction

Routine semen analysis is the basic analysis in the exploration
of male infertility. It provides useful data concerning sperm
count, sperm motility and viability, sperm morphology, per-
formance of genital glands, and ejaculation. Although, the
contribution of the semen analysis is limited on the assess-
ment of some important criteria implicated in the sperm
functional potential. In fact, it is well established that the
maturity of sperm chromatin is essential for fertilizing capac-
ity of spermatozoa and embryonic development [1–3]. The
proportion of sperm with abnormal chromatin condensation
in the ejaculate could be a prognostic factor in assessing the
chances of fertilization and pregnancy [4]. Indeed, during
spermiogenesis, spermnuclear is completely reorganized and

undergoes characteristic rearrangements with an important
compaction [4–6]. This chromatin condensation involves a
replacement of somatic and testis—specific nucleoproteins:
histones by transition proteins then by more basic proteins
named protamines P1 and P2 [5, 7] with a proper ratio of
protamine 1 to protamine 2 (P1/P2) [8]. These protamines
pack nuclear DNA tightly into highly condensed chromatin;
in fact, the sperm nucleus will have an important mechanical
and chemical stability [9].Thenuclear compaction is involved
in the protection of paternal genome during the transit of
spermatozoa through the male and female genital tracts
and during its interaction with oocyte. Abnormalities in
chromatin condensation can cause nuclear damages as DNA
denaturation or fragmentation often associated with male
infertility [10].
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The addition of the evaluation of sperm head maturity to
routine semen analysis improves the assessment of fertility in
men [11]. Many analytical techniques have been proposed to
assess nuclear compaction in ejaculated sperm. Some cyto-
chemical or fluorescent dyes were used: acidic aniline blue to
detect excessive presence of histones [11–15], chromomycin
A3 applied for the evaluation of protamine deficiency [16, 17],
and acridine orange [17] and toluidine blue staining used for
assessing sperm chromatin structure and packaging [7, 18].
These different dyes have the advantage of providing suitable
slides for use on a light or fluorescent microscope. Aniline
blue (AB) test evaluates the degree of sperm chromatin
compaction ormaturation, and it is able to detect sperm chro-
matin defects related to their nucleoprotein content [11, 14].
This method allows discriminating between the presence of
lysine-rich histones and arginine- and cysteine-rich protami-
nes in sperm nuclei [11, 19]. Consequently, histone-rich nuclei
of immature spermwill take up the blue stain whereasmature
protamine-rich nuclei remain unstained. Several questions
obviously arise including (i) can the (AB) test predict themale
prognostic fertility? and (ii) can it be a useful complement
assay to direct the treatment of couple infertility?

Many studies have shown negative correlations between
the defects of sperm chromatin integrity and male fertil-
ity potential [20]. However, there is a controversy on the
correlation between sperm nucleus maturity evaluated with
AB staining and some semen parameters firstly and sperm
fertilization capacity and embryo quality secondly. Other
reports have found a negative predictive value of nuclear
compaction in pregnancy outcome during assisted reproduc-
tion treatment [10]. So, the aim of sperm selection techniques
applied in assisted procreation techniques is not only based
on the assessment of classic parameters as sperm motility,
numeration, and morphology but also involves more other
sperm characteristics such as nuclear integrity.

The aims of the present study were to assess the sperm
chromatin maturity in infertile men using acidic aniline blue
staining and to evaluate the relationship among chromatin
sperm status and the semen parameters in male infertility.
Moreover, we analyzed whether the sperm gradient density
centrifugation technique is effective to select mature sperma-
tozoa.

2. Materials and Methods

2.1. Patients. Our study was carried out in 51 semen samples
frommale partner of infertile couple attending theHistology-
Embryology Laboratory of Sfax Medical School (Tunisia) for
semen investigations.The patients were aged between 28 and
49 years old with a mean age (±standard deviation (SD)) of
35.28 ± 0.62 years.

2.2. Collection of Semen Samples. Semen samples were col-
lected bymasturbation after 3–5 days of sexual abstinence and
allowed to liquefy for 30 minutes at 37∘C.

2.3. Semen Analysis. Basic semen analysis consisted in the
measurement of semen volume, sperm concentration (hemo-
cytometer method), motility (total motility, rapid progressive

(type a), slow progressive (type b), and nonprogressive (type
c)), vitality, andmorphology. All parameters were carried out
according to the World Health Organization (WHO) guide-
lines [21].

2.4. Semen Preparation. Among these 51 samples, 12 were
proceeded by Sill select density gradient centrifugation (𝑛 =
12). Sill select (Fertipro NV, Belgium) is a silane-coated silica
particles solution that allows for separation of spermatozoa
according to their density. A 2-layer gradient was prepared
using, respectively, solutions of 90% and 45% Sill select. By
using a sterile pipette, 1mL of liquefied semen sample was
placed on top of the upper layer in a conical 15mL centrifuge
tube. The tube was centrifuged at 300 g for 20 minutes. The
supernatant was then removed and the sperm pellet was
suspended in a volume of 3mL of Ferticult medium (Fertipro
NV, Belgium). It was again centrifuged at 500 g for 10minutes.
The final sperm pellet was suspended in 0.3mL of Ferticult
medium and examined for the sperm concentration,motility,
morphology, and AB staining.

2.5. Acidic Aniline Blue Staining. For each neat semen sample
(𝑛 = 51), we evaluated the sperm nuclei chromatin conden-
sation using AB staining. Among these samples, we also eva-
luated by AB staining the nuclear maturity of spermatozoa
recovered after a Sill select density gradient centrifugation
(𝑛 = 12).

AB staining was performed as previously described by
Hofmann and Hilscher [19]. After liquefaction, 1mL of neat
semen was washed twice in 0.2M phosphate buffered (pH =
7.2). We spread 20𝜇L of sperm pellet on glass slides, and
sperm smears are allowed to dry in air. For the 12 samples
on which we performed a Sill select gradient density, smears
were made with 20𝜇L from the final sperm pellet after a
double washing in 0.2M phosphate buffered (pH = 7.2).

Smears were fixed with a solution of 3% buffered glu-
taraldehyde in 0.2M phosphate buffer (pH = 7.2) for 30min-
utes. Slides were then stained with 5% aqueous aniline blue
solution mixed with 4% acetic acid (pH = 3.5) for 5 minutes.

For each stained smear, 200 spermatozoa were evaluated
with light microscope in oil immersion magnification (100x
objective). Spermatozoawith unstained nuclei are considered
normal (mature chromatin) while those blue stained were
considered abnormal (immature chromatin) (Figure 1). The
results were expressed as percentages of nuclear unstained
and stained sperm. An ejaculate with a rate of blue-stained
nucleus sperm less than 20% was considered normal [4, 11].

2.6. Statistical Analysis. A statistical analysis was performed
using SPSS 13.0 software. Statistical tests including Student’s
𝑡-test, Pearson’s and Spearman’s correlations, and linear
regression were used. The statistical significance was consid-
ered for 𝑃 values <0.05.

3. Results

The mean values (±SD) and ranges of semen parameters,
unstained (mature) sperm head (Figure 1(a)), and blue-
stained (immature) spermhead (Figure 1(b)) are summarized
in Table 1.
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Figure 1: Sperm chromatin condensation assessed by aniline blue. (a) Sample showing mainly mature sperm with unstained nucleus (∗).
(b) Sample showing mainly immature sperm (⧫) with blue-stained nucleus.

Table 1: Means and ranges of semen parameters and AB tingibility
of sperm nuclear in the study samples (𝑛 = 51).

Mean ± SD Ranges
Volume (mL) 3.42 ± 1.73 0.9–11
Total motility (%) 40.78 ± 11.15 15–55

Rapid progressive motility “a” (%) 13.72 ± 7.60 0–25
Slowly progressive motility “b” (%) 21.37 ± 6.08 5–35
No progressive motility “c” (%) 5.78 ± 2.09 5–15

Sperm concentration (millions/mL) 75.20 ± 64.05 6.20–392
Vitality (%) 76.19 ± 10.32 45–97
Normal morphology (%) 9.09 ± 6.97 1–30
Unstained (mature) sperm head (%) 79.45 ± 13.44 30–99
Blue-stained (immature) sperm head (%) 20.66 ± 13.76 1–70

Our samples were divided into two groups: group G1 (𝑛 =
31): blue-stained nuclei (immature sperm) <20% and group
G2 (𝑛 = 20): blue-stained nuclei (immature sperm) ≥20%.
We compared the means values of semen parameters in each
group, and we have not found any significant differences
between G1 and G2 (Table 2).

The comparison of spermocytogram data showed many
differences between G1 and G2 groups. The average numbers
of morphological abnormalities (/100 spermatozoa analyzed)
were higher in G2 concerning abnormalities of sperm head
(𝑃 = 0.01) mainly microcephalic spermatozoa (𝑃 = 0.02)
and acrosome abnormalities (𝑃 = 0.09) (Table 2).

The rate of spermatozoa with blue-stained nuclei was
negatively correlated with the percentage of those with
normalmorphology (Figure 2).We also found significant and
positive correlations between chromatin maturity and sperm
head abnormalities (Figure 3) and acrosome abnormalities
(Figure 4).

The sperm selection by density gradient increased signif-
icantly the sperm total motility and decreased significantly
the rates of sperm with abnormal morphology and immature
chromatin (Table 3, Figures 5 and 6).
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Figure 2: Correlation between sperm nucleus maturity and sperm
morphology.

4. Discussion

According to some literature data [14, 22, 23], our study
demonstrated that there is no correlation between the degree
of sperm chromatin condensation assessed by AB staining
and some sperm parameters, including motility, vitality, and
sperm count.These results suggested that chromatin conden-
sation constitutes a valuable parameter in the assessment of
male fertility, completely independent of conventional sperm
parameters [24]. In contrast, other studies reported signifi-
cant correlations between sperm chromatin immaturity and
the decrease of sperm count and progressive motility [17, 25].
In fact, protamination anomalies are probably related to a
generalized abnormal spermiogenesis with defective semen
parameters in result [25]. However, the inherent difficulties
with the AB assay are the visualization and accurate counting
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Table 2: Comparison of semen parameters between G1 and G2 groups.

Spermogram data (Mean ± SE) G1 (𝑛 = 31) G2 (𝑛 = 20) P value
Volume (mL) 3.43 ± 1.96 3.41 ± 1.40 0.97
Total motility (%) 42 ± 12 39.04 ± 9.8 0.34

Rapid progressive motility “a” (%) 14.1 ± 8.25 12.14 ± 6.43 0.19
Slowly progressive motility “b” (%) 21.33 ± 6.28 21.42 ± 5.94 0.95
No progressive motility “c” (%) 5.83 ± 2.30 5.71 ± 1.79 0.83

Sperm concentration (millions/mL) 85.58 ± 72.06 60.37 ± 48.31 0.14
Vitality (%) 76.93 ± 10.48 75.14 ± 10.25 0.54
Normal morphology (%) 10.46 ± 7.15 7.14 ± 6.36 0.08

Abnormalities of sperm head (/100 spz analyzed) 155.35 ± 32.18 176.89 ± 28.01 0.01
Microcephalic spz (%) 8.4 ± 5.6 13 ± 7.7 0.02
Acrosome abnormalities (%) 64.56 ± 14.34 71.23 ± 14.36 0.09
Cytoplasmic droplets (%) 8.20 ± 6.03 10.47 ± 8.08 0.2
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Figure 3: Correlation between sperm nucleus maturity and sperm
head abnormalities.

Table 3: Comparison between total motility, rates of normal
morphology, and AB tingibility of sperm nuclear before and after
sperm selection (𝑛 = 12).

Before sperm
selection

After sperm
selection P value

Total motility (%) 38.24 ± 9.06 57.12 ± 10.17 <0.001
Normal morphology (%) 10.16 ± 5.65 17.41 ± 5.38 0.02
Blue-stained head sperm (%) 10.66 ± 9.67 3.50 ± 4.10 0.01

of the mature sperm that are clear colored particularly in
oligozoospermic ejaculates with reduced sperm concentra-
tion. Several different counterstains were tested, including
rose bengal stain, janus green stain and eosin Y stain which
gave the best results and was therefore used to improve the
visualization of excessive histones in sperm [26, 27].
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Figure 4: Correlation between sperm nucleus maturity and acro-
some abnormalities.

Furthermore, we founded a correlation between the nor-
mal sperm morphology and the nuclear maturity. We noted
also that the degree of sperm chromatin compaction was sig-
nificantly correlated with the average number of sperm head
abnormalities and the acrosome abnormalities. These results
confirm earlier investigations [12, 19, 24, 28–30] that demon-
strated significant correlations between sperm morphology
and its nuclear condensation. Similarly, Kazerooni et al. [17]
showed a significantly higher percentage of AB-positive sper-
matozoa amongmen with teratozoospermia when compared
with normozoospermic group (31.6% versus 14.1%; 𝑃 <
0.001). More recently, Zini et al. [31] showed significant
correlation between morphological sperm head defects and
nuclear condensation anomalies and suggested that these
sperm dysmorphisms may in part due to incomplete sperm
nuclear compaction. These results were in accordance with



Advances in Urology 5

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10 11 12

Normal morphology before sperm selection (%)
Normal morphology after sperm selection (%)

Figure 5:Normalmorphology before and after sperm selection (𝑛 =
12).
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Figure 6: Nuclear maturity before and after sperm selection (𝑛 =
12).

those of Boitrelle et al. [32] who used high-magnification
(×10000) contrast microscopy to study sperm morphology
and demonstrated that the presence of sperm head vacuoles
was associated with a complete or partial failure of chromatin
condensation. However, Adham et al. [33] reported that
the morphological changes of the acrosomal vesicle during
spermatogenesis are concomitant with chromatin conden-
sation. Therefore, it could be suggested that the failure of
the initial chromatin condensation during spermatogenesis
leads to impairment of acrosome attachment to the nucleus
involvement or to dehiscence of acrosome from the nucleus

[33]. In the opposite, no correlationwas foundbetween sperm
morphology and sperm condensation evaluated by AB test in
other studies [14].

In light of these results, we suggest that some alterations in
the process of spermiogenesis may promote multiple defects
in remodeling and compaction of the sperm chromatin. On
the basis of some recent studies [8, 34], it has been shown that
protamine P2 precursors play a pivotal role in maintaining
the P1/P2 ratio.Thus, any defect in pre-P2 mRNA translation
appears to cause abnormal sperm morphogenesis, reduced
sperm motility, and subsequent male infertility [35, 36].

Secondly, the compaction of the nuclear chromatin and
the DNA integrity are two linked parameters [10, 37–39].
To explore simultaneously these important criteria, acridine
orange staining was used concomitantly to the AB test
[17, 40], and a significant correlation was found between
the two dyes. Thereby, the nuclei protamination requires a
spatial change in DNA structure with the intervention of
endogenous nucleases such as topoisomerase II which plays
an important role in the phenomena of breakage and repair
sperm DNA [41, 42]. So when repair systems are not
sufficiently effective, the nuclear DNA fragmentation may
increase [43].

Similarly, many studies reported an association between
sperm nuclei maturity evaluated by AB test and some
DNA abnormalities in ejaculated human sperm [32, 44–
46]. Indeed, the common factor underlying sperm imma-
turity and aneuploidies is the diminished expression of
HspA2 whose lack may cause diminished cellular transport
of proteins, such as DNA-repair enzymes essential during
spermiogenesis [47]. Kovanci et al. [47] demonstrated a close
correlation between the incidence of immature spermatozoa
and disomies (𝑟 = 0.7,𝑃 < 0.001).These results suggested the
presence of a link between chromosomal meiotic segregation
and the dynamic process of nucleoproteins during male
gametogenesis [48].

Currently, sperm selection techniques during medical
assisted procreation are designed to obtain sperm with
“ideal”motility andmorphology. Otherwise, fertilization and
pregnancy rate might be affected by sperm nucleus subtle
anomalies that remain undetected by the biologist during
the routine selection procedure [49]. For this, we used the
AB staining test to evaluate the status of sperm nuclear
maturity after selection, and we compared rates of sperm
with immature chromatin before and after gradient density
selection. We noted a significant improvement of sperm
chromatin maturity after selection concomitantly with the
increase of the sperm motility and the decrease of the abnor-
mal spermmorphology rates. Our results are similar to those
reported by Sanchez et al. [50] and le Lannou and Blanchard
[51] studies which showed that sperm selection techniques,
like swim-up migration or density gradient centrifugation,
increase the proportion of sperm with normal chromatin
structure. Sperm populations prepared by these techniques
contained more homogeneous subpopulations, with a higher
degree of nuclearmaturity, but the density gradient technique
would be the best procedure [51, 52]. These results are in
accordance with those of Sakkas et al. [53] who indicated
that both PureSperm and Percoll density gradient assays can
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enrich the sperm population by separating those with poorly
condensed chromatin. It seems that the sperm glass-wool
filtration method increases significantly the percentage of
normal chromatin condensed spermatozoa in comparison
with traditional swim-up or gradient density [52, 54].

In several previous reports, the AB tingibility of sperma-
tozoa was indicated to correlate well with infertility [2, 20].
Talebi et al. [55] reported significant lower rates of mature
spermatozoa in the group of patients with unexplained recur-
rent spontaneous abortion. Indeed, the clinical significance of
the assessment of sperm chromatin maturity lies in its asso-
ciation not only with natural conception rates but also with
assisted reproduction success rates [10, 56]. Sadeghi et al. [16]
believed that the fertilization rate following intracytoplasmic
sperm injection (ICSI) was significantly increased in the
group with less than 10% abnormal chromatin using AB test.
These results were in agreement with the study of Esterhuizen
et al. [57] who showed that fertilization rate in ICSI is lower
when semen samples with high rates of nuclear condensation
are used. Other studies reported that sperm with high rates
of blue-stained nucleus can affect fertilization rate following
in vitro fertilization procedure and pregnancy rates [58, 59].
Also, the risk of spontaneous abortion would be significantly
higher after artificial insemination using ejaculates with high
rates of immature nuclear sperm [60, 61].

So, it has been shown that a sperm with protamine
deficiency and increased histone remnants leads to premature
chromatin condensation that is the cause of failures in
fertilization and embryo development [1, 62]. Moreover, the
chromatin of spermwith reduced amounts of protamines was
observed to be susceptible to chemical disruption [63].

In contrast, Hammadeh et al. [64] found no difference
in fertilization rate in patients with ejaculated sperms or
sperms obtained from testicular extracts, although there was
a significant difference in the percentage of AB staining
between the two groups (ejaculated spermatozoa 33.1 ± 18.9
and spermatozoa extracted from testis biopsy 70.0 ± 17.7
with 𝑃 < 0.0001). However, unlike aniline blue staining, they
found a significant difference in the percentage of CMA3-
positive sperm between the two groups. This difference
between AB and CMA3 staining could be due to the fact that
CMA3 staining is amore sensitive and specific test andCMA3
reveals not only the presence of excessive histones but also
protamine deficiency [59]. Similarly, Razavi et al. [49] did not
find any correlation between excessive histones evaluated by
AB staining and fertilization rate following ICSI. This could
be explained by the presence of confounding factors such as
ICSI procedure operator’s selection of spermatozoa according
to normal morphology that may influence the effect of sperm
chromatin status on ICSI outcomes [16].

5. Conclusions

To assess the sperm nuclear maturity in the exploration of
male infertility we can use simple techniques, such as AB
staining, in addition to classic sperm exploration methods as
spermogram and sperm selection assays. Our study provides
additional data on the correlation between the quality of
sperm nuclear material and morphological defects, primarily

the sperm head anomalies. Sperm chromatin integrity is
essential for successful fertilization, embryo development,
and normal pregnancy, and a protamine deficiency appeared
to effect fertilization rate and embryo quality.Therefore, there
are still controversies over the effect of sperm chromatin
status on fertilization rate, embryo quality, and pregnancy
outcomes. The use of more sophisticated techniques as chro-
momycin A3 assay (CAM3) [59] and transmission electron
microscopy (TEM) image cytometry [65] provides more
accurate and specific results in the evaluation of the sperm
nucleus maturity but has many technical constraints to use
in routine investigations. We must continue and deepen the
study of sperm chromatin quality in infertile men to better
understand their relationshipwith the fertilizing capacity and
better assess their impact on the results of in vitro fertilization
and embryo development.
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