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Impact of sperm chromatin evaluation on fertilization rate
in intracytoplasmic sperm injection
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Abstract Background: Sperm DNA in human beings and most vertebrates is packed by protamines into highly compact

~ form of chromatin. There are many staining methods to assess sperm chromatin. Three different methods
of staining were used simultaneously in this study and the goal was to determine which of these sperm
tests has a relation with fertilization rate in intracytoplasmic sperm injection (ICSI).
Materials and Methods: Thirty couples who referred to Yamagata University Hospital (Yamagata, Japan)
for ICSI were included in this study. The greater part of semen was prepared for ICSI. The remaining part
was used for staining with aniline blue, acridine orange, and chromomycin A3 (CMA3). For evaluation of
abnormal morphology and abnormality of head, Papanicolaou-stained smears were used. The analysis of
data was done using Spearman coefficient of correlation and logistic regression model. Receiver operator
characteristic (ROC) curve was used for discrimination of CMA3 staining power to identify ICSI rates.
Results: Percentage of CMA3 positivity, unlike those of aniline blue and acridine orange, showed significant
negative correlation with fertilization rate. Moreover, the percentage of CMA3 positivity showed a positive
correlation with the percentage of abnormal morphology and abnormality of head. By dividing patients
into CMA3 <48% and CMA3> 48% groups, the area under the curve was 0.646.
Conclusions: CMA3 staining (protamine deficiency) could be considered as a useful tool for evaluation of
male fertility prior to infertility treatment.
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INTRODUCTION ejaculate.! It is generally accepted that there is a

relation between sperm parameters and fertilizing
Semen quality is usually judged by the volume,  ability.””’ However, conventional sperm parameters
motility, and morphology of spermatozoa in an  cannot always predict the results of fertilization and
this indicates that hidden anomalies lie at the sperm
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of the sperm chromatin and the ability of the oocyte
to initiate decondensation and pronuclear formation.®

A number of studies have shown that spermatozoa
with abnormal nuclear chromatin organization are
more frequent in infertile men.[”® In this regard,
many functional tests have been developed to assess
the relation between sperm chromatin status and
the fertilizing ability of a semen sample.”?! Aniline
blue discriminates between lysine-rich histones
on the one hand and arginine- and cysteine-rich
protamines on the other. The histone-rich nuclei
of immature spermatozoa contain abundant lysine
and react positively by taking up the aniline blue
stain, whereas the protamine-rich nuclei of mature
spermatozoa with abundant arginine and cysteine
residues react negatively and remain unstained.™
Also, acridine orange (AO) is a fluorochrome that
fluoresces green when bound to native DNA (double
stranded and normal) and red when bound to
denatured DNA (single stranded).’® Furthermore,
chromomycin A3 (CMA3) is a fluorochrome that
has been shown to compete with the protamines for
binding to the minor groove of DNA and is a useful
tool for assessing packaging quality of the chromatin
in sperm and its protamine deficiency.™

As mentioned before, nowadays ICSI is a good
technique for treatment of severe cases of infertility.
Although the tests given above are useful for studying
some aspects of chromatin abnormality in human
sperms, the relation of them with each other, with
conventional sperm parameters, and with the results
of ICSI has not been studied in detail. Also, it is
important to determine which test gives the most
information about the fertility of spermatozoa in
ICSI patients. So, in this study, aniline blue, AO, and
CMAS3 staining methods were used simultaneously
for the first time to evaluate the potential value of
them for prediction of fertilization power of sperms
in ICSI cases.

MATERIALS AND METHODS

Subjects and treatment

Thirty couples referring to Yamagata University
Hospital (Yamagata, Japan) for ICSI were included
in this study. Follicular growth was stimulated in
the female partner using gonadotropin-releasing
hormone (GnRH) agonist in combination with human
menopausal gonadotropin (hMG). The response
to treatment was monitored daily from day 7 of
the administration of hMG by ultrasonography.
Ovulation was triggered by administration of
10,000 IU human chorionic gonadotropin (hCQG).
Oocytes were collected 34-36 h post hCG using a

simple lumen aspiration needle (Laborafoire C.C.D.,
Paris, France).

Semen samples were collected by masturbation after
3-4 days of abstinence on the day of oocyte recovery.
Two milliliter of semen usually was prepared for ICSI
using Percoll gradient (80%) techniques. The remaining
part of semen was washed twice in Dulbecco’s Ca—Mg
free phosphate-buffered saline (PBS) and then was
used for staining with aniline blue, AO, and CMAS3.
Several sperm smears were prepared for aniline blue
and AO staining. One milliliter of washed spermatozoa
was used for CMA3 staining.

Sperm routine tests assessment

Semen analysis was carried out according to the
World Health Organization guidelines.*! Sperm count
was performed in a Makler counting chamber (count
was expressed as million/ml). Motility was evaluated
by direct microscopic examination. Percentages of
abnormal morphology and abnormality of head were
assessed by using Papanicolaou-stained smears
according to strict criteria.l”

Aniline blue staining

Immature sperm nuclear protein was stained with
acidic aniline blue (Sigma, St Loius, MO, USA),
as described by Terquem and Dadoune.! Sperm
smears were prepared from washed spermatozoa
and were fixed in 3% glutaraldehyde in PBS for
30 min. Then the slides were stained with 5%
aqueous aniline blue in 4% acetic acid (pH = 3.5).
The proportion of sperm stained with aniline blue
was determined by counting 200 spermatozoa
under oil immersion. The histone-rich nuclei of
immature spermatozoa react positively by taking
up the aniline blue stain and get blue, whereas the
protamine-rich nuclei of mature spermatozoa react
negatively and remain unstained.

AO staining
The normality of DNA was examined by AO fluorescence
method described by Tejada et al.’® Sperm smear was
prepared from washed spermatozoa and fixed in
Carnoy’s solution (3 parts methanol and 1 part acetic
acid) for 2 h.

The Carnoy’s solution was prepared daily. Then the
slides were washed in distilled water and allowed
to air-dry for a few minutes before staining. The
AO (Sigma) staining solution was prepared as follows.
Ten milliliters of 1% AO solution in distilled water was
added to a mixture of 40 ml of 0.1 M citric acid and
2.5ml of 0.3 M Na2HPO4, 7TH20, pH 2.5. The 1% AO
stock solution was stored in dark at 4°C for 4 weeks.
Sperm smear was stained for 5 min. Then the slide
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was gently rinsed and mounted with distilled water.
Slides were read on the same day with a fluorescent
microscope (Olympus, Japan) using a 490 nm
excitation filter and a 530 nm barrier filter. In each
slide, 200 sperms were counted and the percentage of
sperm with abnormal DNA was calculated. Sperms
with normal (double-stranded) DNA fluoresce green
and those with denatured or single-stranded DNA
fluoresce red or yellow.

CMAS3 staining

Washed spermatozoa were fixed in Carnoy’s solution
at 4°C for 5 min and then spread on slides. For
CMAS3 (Sigma) staining,™? each slide was treated for
20 min with 100 pl of CMAS3 solution (0.25 mg/ml in
Mecllvaine buffer (pH 7.0, containing 10 mM MgClI2).
The slides were then rinsed in the buffer glycerol. At
least 200 spermatozoa were randomly evaluated on
each slide. Microscopic analysis of slides was performed
under an objective lens of 100 x magnification in an
Olympus (Japan) microscope using appropriate
filters (460-470 nm).CMAS3 staining evaluation was
done by distinguishing between bright yellow stained
spermatozoa (CMA3 positive) and dull yellow stained
spermatozoa (CMAS3 negative).

Intracytoplasmic sperm injection

After oocytes’ collection, they were incubated in
80 IU hyaluronidase in human tubal fluid medium
for about 1 min."® Then the oocytes were washed
in fresh human tubal fluid medium and transferred
to Hepes-buffered medium under oil in Petri dish.
Prepared sperms were introduced into droplet of
polyvinylpyrrolidone (Sigma). The sperm with the
best morphology was selected. Each selected sperm
was immobilized and sucked into an injection pipette.
The sperm was injected into the oocytes.

Statistical analysis

All statistical calculations including Spearman coefficient
of correlation and receiver operator characteristic (ROC)
analysis were carried out using Statistical Package for
Social Studies (SPSS Inc., Chicago, IL, USA) software.

RESULTS

A substantial variation in the percentage of CMA3
staining, aniline blue staining, AO staining, abnormal
morphology, and abnormality of head was observed in
the ejaculated spermatozoa in the range of 7.4-66.5,
5.9-82, 4.3-92.1, 35.1-95, and 25.5-91.7 respectively.

CMAS3 positivity in relation to sperm concentration,
motility, and morphology

A substantial variation in the percentage of
CMAS3-stained cells was observed in the ejaculated
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human spermatozoa, varying between 7.4% and
66.5%. Value of these percentages to individual sperm
parameters showed positive correlation between
the percentage of CMA3-positive spermatozoa with
percentage of abnormal morphology and abnormality
of head. Also, there was a negative correlation with
count and percentage of motility [Table 1].

CMA3 positivity in relation to aniline blue and AO
staining

As seen in Table 1, the percentage of CMA3-positive
spermatozoa had a positive significant correlation with
the percentage of spermatozoa stained blue in aniline
blue staining and with the percentage of spermatozoa
stained yellow to red in AO staining [Table 1].

As shown in Table 1, the percentage of CMAS3-positive
spermatozoa had a positive significant correlation with
the other sperm parameters (P < 0.001).

CMAS3 positivity and other parameters in relation to
fertilization rate in ICSI patients

To determine which characteristics of sperm were
related to fertilization rates, logistic regression
analysis was used [Table 2]. The results showed that
only the percentage of CMAS3-postive spermatozoa
in insemination medium had a negative significant
relationship with fertilization rate.

As CMAS3 positivity can affect the fertilization
rate independently, the thresholds that have been

Table 1: Results of Spearman coefficient of correlation between
CMAZ3 positivity and other sperm parameters and staining

Variable Coefficient P value
Count (x10/ml) -0.359 <0.001
Motility (%) -0.37 <0.001
Abnormal morphology (%) 0.461 <0.001
Abnormal head (%) 0.334 <0.001
Aniline blue (%) 0.404 <0.001
Acridine orange (%) 0.474 <0.001

CMA3: Chromomycin A3

Table 2: Estimated coefficients of sperm parameters and
several sperm nucleus staining methods in a multiple logistic
regression model for the fertilization rate

Variable Coefficient Standard error P value
Sperm parameter 0.002 0.005 0.654
Count (x10/ml)

Motility (%) -0.022 0.018 0.227
Abnormal morphology (%) 0.015 0.028 0.578
Abnormal head (%) -0.008 0.028 0.764
Nuclear staining method

Aniline blue (%) -0.025 0.018 0.163
Acridine orange (%) 0.008 0.013 0.547
CMA positivity (%) -0.052 0.019 0.008

CMA3: Chromomycin A3
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suggested by Esterhuizen et al."¥ were chosen.
Patients were grouped into CMA3 levels of < 48%
and > 48%. The ROC analysis showed that the area
under the curve was 0.646, which indicates that CMA3
is a moderate diagnostic factor [Figure 1].

DISCUSSION

Sperm nucleus and its chromatin have a special
structure that is different from other cells of the
human body. The substitution of the chromatin
proteins (especially histones) by protamines is
one of the central events of spermiogenesis. This
event changes the structural organization of highly
condensed sperm nucleus and also protects sperm
DNA against the enzymatic attack of nucleases and
polymerases.[?!

Sperm quality has been conventionally judged
by parameters such as concentration, motility,
and morphology. As the fertilization barrier is
bypassed in ICSI, the sperm chromatin quality and
the decondensation and pronuclear formation of
oocytes are more important. Chromatin of mature
spermatozoa has been shown to possess a varying
binding capacity for several dyes and stains. The
binding capacity is believed to reflect anomalies
in packing quality due to the modifications of
the nucleoprotein components occurring during
spermiogenesis.’! Some of these tests involve
staining with aniline blue,'” Methyl Green,"”
Giemsa,"® and ethidium bromide.!

Among these tests, aniline blue discriminates between
histone-rich (immature) and protamine-rich (mature)
spermatozoa.l''! Also, there are some reports
saying that assessment of sperm deoxyribonucleic
acid (DNA) normality by staining with AO may help

ROC Curve
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Figure 1: Receiver operator characteristic curve for fertilization rate
based on CMA3 staining

to predict the results of in vitro fertilization (IVF)
and ICSI.®2% Due to tight packaging afforded by
protamines, any modification or absence of these
proteins could lead to an anomaly in the packaging
process of sperm nucleus and influence the sperm
quality (morphology) and fertilizing capacity.” In this
regard, some researchers previously reported that
there is a close relationship between CMAS staining
and fertilization ability of spermatozoa in IVF and
ICSI cases.[21-25]

This is the first study in which three methods of
sperm chromatin assessment were used at the
same time in ICSI cases (these tests were directly
related to sperm nucleus), while the others usually
have one or two methods in their researches. These
methods were used simultaneously to evaluate
their superiority and ability to predict the results of
fertilization rate post ICSI procedure. One of these
fluorochromes, CMA3, has been found to be a useful
tool for detection of protamine-deficient loosely
packed chromatin.® Also, in ICSI, sperm is injected
directly into the oocyte cytoplasm, and therefore, the
interaction of membranes has limited importance.
However, the results of this study suggest that
CMAS staining is the only method that can predict
the results of ICSI. This result is similar to the
results of Tavalaee et al. and Razavi et al.?*?¥ Razavi
et al. used CMAS, aniline blue, and Sodium dodecyl
sulfate methods for prediction of fertilization rate
post ICSI. Similarly, they also found that only CMAS3
staining has a relation with percentage of fertilized
oocytes post ICSI. They also did not see any relation
between the percentage of sperms that stained with
aniline blue and the fertilization rate in vitro post
ICSI. Their results were similar to our findings. Also,
Nasr-Esfahani et al. reported that the mean value
of fertilization rate was significantly different in
patients grouped for CMA3 positivity of 40%.2% The
results of Tavalaee et al. are similar to those of Razavi
et al. which indicate the relation of CMAS3 positivity
with fertilization rate post ICSI. However, there was
not any relation between DNA fragmentation and
ICSI results.

In our study, AO staining which shows DNA
denaturation in sperm chromatin was used. This
staining method does not have any relation with ICSI
results. Lin et al. also showed that AO staining and
DNA fragmentation do not have any relation with ICSI
results.”?! The results indicate that DNA condition
could not be the problem. In this regard, several
investigators have shown that there are significant
differences between fertile and nonfertile men in CMA3
staining, aniline blue staining, and DNA damage,’?"2
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and also, there is a higher percentage of CMA3- and
aniline blue-stained sperms (but not AO-stained) in
couples with unexplained recurrent abortion."!

However, protamination of sperm DNA is more
important because CMAS staining shows the number
of sperms that have proper protamination.”

In our previous study, it was shown that both sperm
morphology and sperm protamine deficiency affect
the fertilization rate independently in IVF cases.?”
But the results of this work show that only protamine
deficiency has an effect on fertilization in ICSI. It could
be related to the selection of the best morphological
sperms in ICSI.

It is observed from our results that CMA3 staining
showed positive significant relation with the percentage
of abnormality and also abnormality of sperm heads.
This fact probably shows that protamine deficiency
can cause abnormality of head and abnormality of
other parts of sperm. Although there is a relationship
between abnormality of sperm head and CMA3
staining, this relation does not have any effect on the
fertilization rate in ICSI cases.

The discriminative power of nuclear maturity, as
recorded by CMAS staining to identify ICSI rates
was investigated by dividing the patients into
CMAS3 < 48% and CMA3 > 48%.'* The area under
the ROC curve was 0.646. This value is not so strong,
but shows that the patients with percentages under
48 may have better results in ICSI technique. In
conclusion, protamine deficiency of sperm chromatin
should be considered as an important defect of sperm;
so, we can conclude that among the different routine
and nuclear sperm assessment methods, CMAS3
staining could be a precious method for predicting
the results of ICSI.
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