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Abstract

Objective To evaluate the sperm’s chromatin quality in
couples with spontaneous recurrent abortion.

Methods Thirty couples with spontaneous recurrent abor-
tion (case group) and 30 fertile couples (control group)
referring to Zeinabieh Gynecology clinic of Shiraz were
included. Semen samples were collected for each partici-
pant and were used for standard semen analysis and sperm
nuclear maturity tests including Chromomycin A3
(CMA3), Aniline Blue (AB) staining and Acridine Orange
(AO) test (by light microscopy).

The work was performed in Infertility Research Center, Department
of Obstetrics and Gynecology, Zeinabieh Hospital, Shiraz University
of Medical Science, Shiraz, Iran.

Capsule Evaluation of the sperm’s quality via CMA3 and AB staining
is useful for assessment of male factor in couples with spontaneous
recurrent abortion.
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Result Patients in case group had significantly higher
percentage of CMA3 (p<0.00]) and AB (p<0.001)
positive spermatozoa compared to controls. However AO
results did not differ significantly between groups (p=
0.656). Sperm morphology and progressive motility were
negatively correlated with CMA3 (p=0.001 and p=0.043)
and AB (p=0.015 and p=0.031) respectively.

Conclusion Evaluation of the sperm’s quality via CMA3
and AB staining could be considered as one of the
complementary tests of semen analysis for assessment of
male factor in couples with spontaneous recurrent abortion.
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Introduction

Semen analysis is traditionally used as the first step to
evaluate the male factor infertility and it is believed that
semen analysis is insufficient to determine the fertility in-
vivo or in-vitro. Semen quality is determined according to
motility, morphology and concentration of the spermatozoa.
However, a failure of the conventional semen parameters to
predict fertilization indicates that hidden anomalies lie at
the sperm membrane level or at the chromatin level. In this
respect, indirect methods for assessment of the amount of
protamines or measuring chromatin structure based on
different staining methods or fluorochromes have also been
used [1, 2]. These staining methods include Aniline blue
(AB), Acridine Orange (AO) and Chromomycin A3
(CMA3) staining. CMA3 is a flurochrome which has been
shown to compete with the protamines for binding to the
minor groove of DNA and detects protamine deficiency in
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loosely packed chromatin and is correlated to extent of
nicked DNA [2]. During spermiogenesis, DNA histones are
mainly replaced by protamines in order to acquire a highly
packed sperm chromatin structure. Another indirect ap-
proach is the use of AB staining to detect the presence of
extra histones and, therefore, indirectly infer the presence of
lower amounts of protamines in the sperm nucleus. In the
other words AB staining detects presence of remaining
histones by binding to lysine-rich histones [3]. AO test is a
fluorescence staining called sperm chromatin structural
assay (SCSA) which reflects sperm chromatin denaturation
(single strand DNA vs. double strand DNA) [4].
Spontaneous pregnancy loss is one of the most common
complications of pregnancy occurring in about 1% of
couples [5]. Even after a thorough evaluation, the potential
cause remains unexplained in about one third to one half of
the cases [5]. However, unable to find the cause of these
losses, it is reasonable to suppose that factors within sperm
may have an influence on these pregnancy losses [6, 7].
Attempts to show a relationship between RPL and sperm
quality, evaluated through conventional internationally
established guidelines for semen analyses, have been
controversial. Attempts to find differences between couples
with RPL and the general population or fertile men in terms
of morphology, concentration, motility, hypoosmotic swell-
ing test, acrosomal status, viability, or seminal leukocytes
have not been successful [7-9]. Some previous studies have
shown that nuclear maturation defects affects the embryo
development and causes poor reproduction outcomes [1,
11]. Nasr-Esfahani et al. [12] have shown that CMA3 and
AB stainings can predict fertilization rate in patients
undergoing intracytoplasmic sperm injection (ICSI). Lolis et
al. [13] have reported similar results in patients undergoing
in vitro fertilization (IVF). Therefore we aimed to evaluate
the sperm’s chromatin quality using CMA3, AB and AO
staining in couples with spontaneous recurrent abortion.

Materials and methods

In this prospective study, 30 couples with recurrent abortion
and 30 fertile couples were enrolled at Infertility clinic of
Shiraz University of Medical Science (Shiraz, Iran) between
December 2006 and October 2008. All the participants were
divided into two groups: Case group (n=30) consisted of the
men whose partners had >3 unexplained recurrent spontane-
ous abortion at less than 20 weeks of gestation. Unexplained
recurrent abortion was diagnosed after exclusion of the
causes of recurrent abortion such as hormonal disorders,
infections, genetic anomalies, immunologic problems and
abnormal anatomic structures. Control group (n=30) con-
sisted of healthy men (with no known medical conditions)
whose partners had at least two pregnancies with no history
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of pregnancy loss and whose last child was conceived a
maximum of 1 year before the present study or whose female
partner was pregnant with a gestation age >3 months.

None of the women in control group had a history of
preeclampsia or intrauterine growth retardation. None of the
participants were smoker and none of them had history of
alcohol consumption. Participants who had previous exposure
to anesthetic gases, perchorethylene (a dry-cleaning solvent),
heavy metals (mercury, lead) and isotretinoin (Accutane) were
excluded from the study. None of the men were painters or
factory workers. The study protocol was approved by the
institutional review board of Shiraz University of Medical
Sciences. Ethical approval was obtained from the Ethics
Committee. Informed consent explaining the objectives and
implications of the tests performed on each ejaculate was
obtained. It included a form with identification data, repro-
ductive history, and a survey asking for certain potential risk
factors for each individual.

The semen samples of the two groups were collected by
masturbation after 3—4 days of abstinence. After complete
liquefaction of the sample, semen analysis was performed
according to World Health Organization guidelines [14] and
sperm morphology was analyzed following the Kruger
strict criteria [15]. Sperm count was performed in a
Neuberger counting chamber. After immobilizing the cells
with distilled water, morphology was evaluated by the
hematoxylin staining technique. Motility was expressed as
a percentage of rapid and/or progressive spermatozoa.
Thereafter the protocol preparation, several smears were
prepared from each specimen to record chromatin status,
using aniline blue, CMA3 and acridine orange staining. A
total of 200 sperms were evaluated per smear in all tests.

Chromomycin A3 staining

Spermatozoa retrieved from double-wash swim up sample
as well as semen smears were fixed in methanol/glacial
acetic (3:1) at 40°C for 5 min. Each slide was treated for
20 min with 100 pl CMA3 solution (0.25 mg/ml in
Mcllvane’s buffer, PH 7.0, containing 10 mM MgCI2).
The slides were rinsed in buffer and mounted with buffered
glycerol. Fluorescence was performed using an Olympus
microscope (Zeiss Company, Germany). The spermatozoa
were evaluated on each slide. Two types of staining patterns
were identified, namely bright green fluorescence of the
sperm head (abnormal chromatin packaging), and dull
green staining (normal chromatin packaging) (Fig. 1) [13].

Aniline blue staining
A drop of semen (swim-up sample) was spread on the glass

slides and allowed to air- dry. All the smears were fixed in
3% buffered glutaraldehyde for 30 min. The slides were
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Fig. 1 Chromomycin A3 (CMA3) staining of sperm chromatin of a
man with spontaneous recurrent abortion (case group) showing normal
spermatozoa (a) versus spermatozoa with protamin deficiency (b)

then stained with 5% aqueous Aniline Blue and mixed with
4% acetic acid (PH 3.5) for 7 min. Three classes of head
staining intensities were noted, namely unstained (gray/
white), partially stained, and entire sperm head stained dark
blue (Fig. 2) [16].

Acridine orange test

A drop of semen (swim-up samples) was spread on the
glass slides and allowed to air-dry. All the smears were
fixed in methanol/acetic acid (3:1). The slides were then
stained with 2-3 cc Acridine Orange solution %19 in
phosphate citrate for 10 min in each slide. The sperms were
evaluated with fluorescence microscope (Zeiss Company,
Germany). Three types of staining patterns were identified;
green sperms (double-stranded DNA), yellow and red
sperms (single-stranded DNA) (Fig. 3) [17].

Statistical analysis

All statistical analyses were performed with the Statistical
Package for Social Sciences version 15.0 (SPSS Inc.,

a
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Fig. 2 Aniline blue (4B) staining of sperm chromatin of a man with
spontaneous recurrent abortion (case group) showing normal sperma-
tozoa (a) versus spermatozoa with moderate level of remaining
histones (b) and spermatozoa with remained histones (c)

Fig. 3 Acridine orange (40) staining of sperm chromatin of a man with
spontaneous recurrent abortion (case group) showing normal (a)
moderately denaturated (b) and completely denaturated (¢) spermatozoa

Chicago, IL, USA). Utilizing student’s #-test was used to
compare between parametric data sets. Pearson’s correlation
coefficients were used to calculate the correlation between
paired data Sets. A p-value less than 0.05 was considered
statistically significant.

Result

All the patients completed the study. Mean age of the men
in case and control groups didn’t differ significantly (34.6+
5.6 vs. 33.8+6.3; p=0.153). This finding was consistent for
women (29.4£6.6 vs. 29.7+5.9; p=0.281). The semen
analysis was found to be normal in all the patients
according to WHO criteria (Table 1). However, the
percentage of sperm progressive motility was significantly
lower in patients with spontaneous recurrent pregnancy loss
(»=0.002). In the same way men in case group had
significantly higher percentage of morphological defects
(»=0.001) especially head defects (p=0.024) and multiple
defects (p=0.043).

A substantial difference was observed in the percentage
of positive CMA3 stained spermatozoa in case group
compared to control group (25.9%+13.1% vs. 13%+
5.5%; p<0.001). There was higher number of AB positive
spermatozoa from men with spontaneous recurrent abortion
compared to fertile ones which was statistically significant
(31.6%+16.6% vs. 14.1%=+7.0%; p<0.001). The percent-
age of denaturated spermatozoa (positive AO) didn’t differ
significantly between groups (3.4%=1.8% vs. 3.5%%
1.07%; p=0.656) (Fig. 4).

Table 2 demonstrates correlation between sperm param-
eters and sperm chromatin quality tests. Sperm morphology
was negatively correlated with CMA3 (r=—0.651, p=
0.001) and aniline blue (r=—0.572, p=0.015) staining,
respectively. In the same way sperm progressive motility
was negatively correlated with CMA3 (r=-0.316, p=
0.043) and aniline blue (r=—0.439, p=0.031) staining.
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Table 1 Seminal parameters of
30 couples with spontaneous

recurrent abortion (Case group)
compared to 30 fertile couples
(Control group)

Semen parameters Case group (n=30) Control group (n=30) p-value
Ejaculation Volume (mL) 3.5+13 3.8+£0.9 0.092
Concentration (x10%/mL) 65.4+£28.9 66.8+30.2 0.157
Progressive motility (%) 53.6+25.4 64.6+28.3 0.002
Morphologic alterations
Head defect (%) 9.6+6.3 7.9+5.8 0.024
Acrosome defects (%) 2.8+1.2 2.5+0.9 0.253
Neck defects (%) 2.9+0.8 3.1£1.3 0.151
Midpiece defects (%) 4.7+2.7 4.5+2.2 0.361
Tail defects (%) 1.8+1.1 1.4+0.7 0.164
Multiple defects (%) 5.9+4.2 4.8+3.9 0.043
Total (%) 27.7€15.6 242+13.6 0.001

Discussion

We are witnesses of a dramatic increase in the extent of
knowledge of human gamete biology and reproductive
medicine. Andrological investigations still rely on a
thorough history and physical examination of the male
partner. Standard semen analysis is routinely used to
evaluate the male infertility; however, some researchers
believe that sperm functional test should also be used with
standard semen analysis for evaluation of male fertility. The
success rate of fertilization is greatly affected by the quality
of sperm used for insemination [18, 19].

One of the central events of spermiogenesis is substituation
of the chromatin proteins (especially histones) by protamines,
allowing a different structural organization to take place in the
sperm nucleus. This type of organization provides sperm with

35

Control Group

Case Group

ECMA3 AB MAO

Fig. 4 Results of Chromomycin A3 (CMA3), Aniline blue (4B) and
Acridine orange (40) staining in case and control groups. Comparison
between result of CMA3, AB and AO test in case and control groups
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a highly condensed nucleus and also protects sperm DNA
against the enzymatic attack of nucleases and polymerases.
Due to the tight packaging afforded by the protamines, any
modification or absence of these proteins lead to an anomaly
in the packaging process of sperm nucleus and influence
sperm quality (morphology) and fertilizing capacity. Abnor-
malities such as loosely packaged chromatin and damaged
DNA have already been observed in poor quality semen
samples [10]. Pervious studies have shown that protamine
deficiency measured by CMA3 staining independently effect
fertilization [1, 20]. However abnormality in sperm chroma-
tin can take place at several levels including 1) histone/
protamine replacement, 2) absence of protamine, 3) epidid-
ymal maturation, and 4) chromatin stability during ejacula-
tion. Therefore during this study we observed that number of
CMA3 and AB positive spermatozoa are significantly higher
in patients with spontaneous recurrent abortion compared to
fertile men. As these two tests reflects the quality of sperm
chromatin, this can be concluded that semen form men
whose partners suffer from spontaneous recurrent abortion
has low chromatin quality especially protamine deficiency.
We also found that progressive sperm motility (%) and
abnormal sperm morphology are strongly correlated to
percentage of positive CMA3 and AB positive spermatozoa
in a negative fashion. This shows that abnormal sperm
chromatin packaging will result in destructed semen param-
eters. This result is in concordance with many others authors,
who have concentrated their attention on the predictive value
of morphology, using WHO standards or strict criteria [21—
23], and it is felt that normal morphology is indicative of
normal sperm function while high level of abnormal
spermatozoa in ejaculation is associated with reduce fertil-
ization potential. Even though the role of sperm morphology
in prediction of pregnancy and in vitro fertilization outcome
is well established in literatures [13], some authors question
the sole predictive role of morphology in prediction of male
fertility potential [24]. Also, when studying the role of sperm
morphology in relation to fertilization rate in ICSI, literature
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Table 2 Correlation between
semen parameters and sperm

chromatin quality tests

Sperm parameters Correlation coefficient p-value
Chromomycin A3
Age (yr) 0.236 0.216
Volume (mL) 0.198 0.311
Concentration (x10%mL) 0.019 0.816
Progressive motility (%) —-0.316 0.043
Normal sperm morphology (%) —0.651 0.001
Aniline blue
Age (yr) 0.382 0.145
Volume (mL) 0.261 0.086
Concentration (x10%mL) 0.085 0.765
Progressive motility (%) —0.439 0.031
Normal sperm morphology (%) —0.572 0.015
Acridine orange
Age (yr) 0.087 0.712
Volume (mL) 0.025 0.915
Concentration (x10%mL) 0.188 0.545
Progressive motility (%) 0.076 0.891
Normal sperm morphology (%) —0.166 0.461

shows that there is no clear relation between percentage of
spermatozoa with normal form and fertilization, cleavage,
and percentage outcome of ICSI [25, 26].

Positive CMA3 staining has been shown to be increased in
the sperm cells of the infertile patients [9]. In some studies,
CMA3 fluorochrome has been used to evaluate the sperm
quality and fertilization capacity. Sakkas et al. [27] found
that men who had a high percentage of anomalies in their
chromatin, i.e. >30% CMA3 fluorescence and >10% nicks,
had more than double the number of unfertilized oocytes
containing spermatozoa that had remained condensed.
Bianchi et al. [2] and Lolis et al. [13] showed that a high
percentage of CMA3 positivity is present in certain forms of
male factor infertility and that such a test may be used to
distinguish separate populations in morphologically normal
spermatozoa. On the other hands, Oliva [3] found that the
percentage of protamines in the fertile men was the same as
that in infertile patients with normal seminal parameters, but
it differed in the patients with abnormal seminal parameter. It
seems likely that poor chromatin packaging may contribute
to failure in the decongestion process in specific cases [15].
In our study, although all the semen parameters were normal
according to WHO criteria in both groups, patients with
spontaneous recurrent abortion had significantly higher
percentage of abnormal morphology and lower percentage
of progressive motility. Higher percentage of CMA3 and AB
positive spermatozoa was observed in case group while all
semen parameters were normal.

AB staining detects the presence of histones and, therefore,
indirectly infers the presence of lower amounts of protamines
in the sperm nucleus [28]. Some studies have reported a

correlation between staining of spermatozoa with AB and
decreased percentage of normal spermatozoa [28]. Franken
et al. [16] showed that there was significantly higher
percentage of AB positive spermatozoa among men with
teratozoospermia when compared with normozoospermic
(51% vs. 26%). Despite normal semen analysis in this study,
the mean percentage of positive AB staining was 31.6% in
the case group and 14.1% in the control group (p<0.001).

Among the assays that have been developed to assess
DNA damage, the most frequently used in published
clinical studies is the Acridine orange staining, which
measures the stability of sperm chromatin in acid media
with acridine orange. The dye gives rise to green
fluorescence when bound to intact DNA and red when
bound to fragmented DNA. The proportion of sperm with
fragmented DNA is determined by flow cytometric analy-
sis. Using light microscopy for this test is one of the
limitations of this study. In some studies, AO test has been
used for evaluation of sperm quality. Angelopoulos et al.
[29] believed that AO staining does not predict fertilization
efficiency or pregnancy outcome in IVF cycles. Oppositely,
Virant-Klun et al. [30] found that sperm single-stranded
DNA, detected by AO staining, reduces fertilization and
quality of ICSI-derived embryos. In our study the percent-
age of AO positive spermatozoa did not differ between
patients and controls that indicates that sperm denaturation
may not play a role in spontaneous recurrent abortion.

To the best of our knowledge, it is the first study using
CMA3, AB and AO test to evaluate the male factor in
couples suffering from spontaneous recurrent abortion. This
study sheds light on the pathogenesis of spontaneous
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recurrent abortion. However, the results of this study
indicate that low sperm chromatin quality is one of the
common etiologies of spontaneous recurrent abortion. So
assisted reproduction techniques including ICSI and IVF
using CMA3 and AB negative spermatozoa could be a
novel treatment option in these patients.

In conclusion, CMA3 and AB staining are useful tools
for evaluating of the sperm’s chromatin quality in couples
with spontaneous recurrent abortion, because we found that
there is a higher percentage of CMA3 and AB positive
spermatozoa between the patients and controls. This study
also showed that abnormal sperm parameters including
progressive motility and abnormal morphology are corre-
lated with protamines deficiency detected by both CMA3
and AB staining.
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