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الخلاصة
الیوم أن الفحص الروتیني للسائل المنوي یعد عاملاً تنبؤیاً ضعیفاً للقدرة الإخصابیة للرجال ، ولذلك فإن إن من الحقائق العلمیة الثابتة : خلفیة البحث 

.الرجال دحاجة متزایدة بدأت تبرز لاكتشاف فحوصات وظیفیة جدیدة في عملیة تقییم العقم عن

رھا من الوسائل للخلایا النطفیة باعتبا) الصبغین(الكروماتین ھدفت ھذه الدراسة إلى التحري عن القدرة التنبؤیة لاختبارات سلامة :الھدف
.العقم حالاتبعض المساعدة في تشخیص 

، إذ تضمنت الدراسة إجراء فحص السائل المنوي 2013إلى تشرین الأول 2013تم إجراء ھذه الدراسة للمدة من كانون الثاني : المنھجیة
من الرجال العقیمین الذین یراجعون مركز الخصوبة في مدینة الصدر الطبیة في محافظة النجف )100(والفحوصات المناعیة لعینة مكونة من 

) .مجموعة السیطرة(شخصاً من الرجال الخصبین ) 20(، كما شملت الدراسة فالأشر

النطفیة وبین الكروماتین غیر المكثف للخلایا ) السوي غیر المصطبغ(للتمییز بین الكروماتین المكثف ) AB(أنیلینتم استعمال صبغة أزرق 
للتعرف على الحامض النووي الرایبوزي منقوص ) TB(، كما تم استعمال صبغة أزرق تولویدین ) غیر السوي المصطبغ باللون الأزرق(

) .اللون البنفسجي(وحالتھ المحطمة ) اللون الأزرق(والتمییز بین حالتھ السویة DNAالأوكسجین 

المحطم في DNAلفي النسبة المئویة للنطف ذات الكروماتین غیر المكثف وا(P<0.01)النتائج وجود ارتفاع عالي المعنویة أظھرت : النتائج
المحطم DNAلفي النسبة المئویة للنطف ذات ا(P<0.05)الرجال العقیمین مقارنة مع الرجال الخصبین ، كما بینت الدراسة وجود ارتفاع معنوي 

كما بینت النتائج وجود علاقة طردیة ذات دلالة إحصائیة عالیة . من الرجال العقیمین مقارنة مع الرجال الخصبین ) أسویاء النطف(في مجموعة 
. وبین كل من تركیز النطف وحركة النطف والحركة التقدمیة للنطف DNAلبین حالتي تكثف الكروماتین وتضرر ا(P<0.01)المعنویة 

قدرة تنبؤیة یمكن أن تساھم في التمییز بین ) TBباستعمال صبغة (للخلایا النطفیة DNAلفحوصات تجزئة الاستنتجت الدراسة أن : الاستنتاجات
.الرجال العقیمین والخصبین زیادة على الفحص الروتیني للسائل المنوي 

في عملیة تشخیص العقم عند الرجال ، كما أوصت TBبإمكانیة استعمال تصبیغ كروماتین النطف بواسطة صبغة أوصت الدراسة :التوصیات
قبل أن تكون جاھزة للاستعمال في العمل ) ABبواسطة (بإجراء المزید من البحوث لتأكید القدرة التشخیصیة لفحص حالة تكثیف كروماتین النطف 

.الروتیني في مختبرات الخصوبة 

Abstract
Background : It is a scientific fact today that routine seminal analysis is only a poor predictor of male
reproductive potentiality , so that there is an increased need for finding out new functional tests in the assessment
of male infertility .

Objective : The aim of the present study was to investigate the predictive value of sperm chromatin integrity
assays as a complementary tool to assist in diagnosis of infertility .

Method : This study was carried out between January 2013 and November 2013 including one hundred (100)
selected infertile men who attended to fertility Center in Al-Sadr Medical City . The study also included twenty
(20) healthy fertile volunteers as a control .

Aniline blue (AB) staining was used to differentiate between normal condensed chromatin (unstained) and
abnormal decondensed chromatin (blue), while toluidine blue (TB) was used to differentiate between normal
intact sperm DNA (blue) and abnormal damaged sperm DNA (purple), this is the first study in Iraq that
employed (TB) to assess sperm DNA fragmentation .

Results : The results showed that there was a high significant difference (p<0.01) in sperm chromatin
decondensation and sperm DNA damage between infertile and fertile men . The study also revealed a significant
difference (p<0.05) in sperm DNA damage between normozoospermic and fertile men, but no significant
difference (p>0.05) was found in the sperm chromatin condensation . Both sperm chromatin condensation and
sperm DNA damage showed a significant positive correlation with sperm morphology, and a significant negative
correlation with sperm concentration, motility and progressive motility.



Conclusions : The study concluded that sperm DNA fragmentation (by TB staining) has good predictive value
in discriminating infertile and fertile men over seminal fluid analysis .

Recommendations : TB and AB staining of sperm chromatin can be used in the course of infertility diagnosis .
However, more investigations may be needed to confirm the discriminating power of sperm chromatin
condensation assays (by AB staining) to be ready to use in the routine workup in the fertility clinics .

Keywords : Predictive value, Aniline Blue , Toluidine Blue , sperm Chromatin, Male infertility

INTRODUCTION
It has been documented that about 50% of the infertility problems are , at present ,

attributed to male factors . In fertility clinics, potential infertile men are screened for the

sperm quality by semen analysis, in particular investigating concentration, motility and

morphology according to WHO guidelines (1) .

The semen analysis has traditionally been the cornerstone in the evaluation of the

infertile male and remains the initial text of choice. However, at present, these parameters

appear to be poor predictors of the reproductive potentiality since infertile men may often

have normal semen analysis . Therefore , additional specific investigations are required to

assess the functional status of sperm (2) .

Recently, increasing attention has been paid to sperm chromatin structure as one of the

parameters determining male fertility (3) . According to Zini et al., sperm DNA integrity

assays may prove to be better markers of male fertility potential than the conventional semen

parameters (4) .

DNA abnormalities include disrupted (damaged) DNA integrity and chromatin

prematurity (decondensation) which may occur during spermatogenesis, or as a result of DNA

packing at spermiogenesis. Environmental stress, gene mutations, and chromosomal

abnormalities can disturb the highly refined biochemical events that occur during

spermatogenesis. This can ultimately lead to an abnormal chromatin structure that is

incompatible with fertility (5) .

The integrity of sperm DNA is a keystone of reproductive success ; because normal

sperm genomic material is required for a normal fertilization, pregnancy, live birth, and

postnatal child well being. Therefore, abnormal sperm chromatin may result in male

infertility, recurrent abortion, increased congenital anomalies , testicular cancer in offsprings

as well as assisted reproductive failure (6 , 7) . It was found that the compact structure of sperm

nuclear chromatin is important for the protection of genetic integrity during transport of the

paternal genome through the male and female reproductive tracts (8) .

Thus, more knowledge on sperm chromatin damage including : etiology, mechanism,

detection methods, clinical outcomes and treatment may provide better diagnostic and



prognostic capabilities than standard sperm parameters for both in vivo and in vitro fertilizing

ability of human spermatozoa (9) .

In this context, sperm chromatin decondensation and DNA fragmentation are two kinds

of tests for sperm chromatin integrity . Among the most reliable and easy methods to assess

chromatin integrity are aniline blue (AB) and toluidine blue (TB) staining . AB is used to

detect sperm immaturity (i.e. sperms with immature or decondensed chromatin) , while TB is

used to evaluate sperm DNA damage or fragmentation (10) .

AIM OF THE STUDY

This study aims to use AB and/or TB staining methods as complementary tests in  the

evaluation of male infertility .

METHODOLOGY
1. Study subjects :

The study included one hundred (100) selected infertile men who attended to fertility

Center in Al-Sadir Medical City . The study  also included twenty (20) healthy volunteer

fertile men who have one or more than one child.

2. Semen and Serum Collection

Semen samples were collected by masturbation , after 3–5 days of abstinence, in wide

mouth disposable plastic container (11) .

The semen was centrifuged at 3000 (rpm) for 10 minutes to obtain the plasma . Also a

total of 5 ml of blood was obtained from the patients control men as well and centrifuged to

separate .

3. Seminal Analysis :

Routine seminal analysis was achieved according to the criteria and procedures submitted

by WHO (2010) (1) .

4. AB staining

Slides are prepared by smearing 5 μl of semen sample. The slides are air-dried and

fixed for 30 minutes in 3% glutaraldehyde in phosphate-buffered saline (PBS) . The smear is

dried and stained for 5 minutes in 5% aqueous aniline blue solution (pH 3.5). Sperm heads

containing immature nuclear chromatin stain blue, and those with mature nuclei do not take

up the stain (Figure 1) . The percentage of spermatozoa stained with aniline blue is

determined by counting 200 spermatozoa per slide under bright field light microscopy (12) .

5. TB staining



Slides are prepared by smearing 5 μl of semen sample. The smears are air-dried, fixed in

freshly made 96% ethanol–acetone (1 : 1) at 4°C for 30 minutes, hydrolyzed in 0.1 N Hcl at

4°C for 5 minutes, and rinsed three times in distilled water for 2 minutes each. Smears are

stained with 0.05% TB (Merck, Poole, Dorset, UK) for 10 minutes. The staining buffer

consists of 50% citrate phosphate (McIlvain buffer, pH 3.5). Under light microscope, sperm

heads with good chromatin integrity stain light blue, and those of diminished integrity stain

purple (Figure 2) (13) .

RESULTS
1. Seminal Parameters of Infertile and Fertile Men

The values and statistical difference of seminal parameters between infertile and fertile

men is illustrated in table (1) .

Table (1) : Major Seminal Fluid Parameters of Infertile and Fertile Men

Parameter

Infertile Men

(No. = 100)

Fertile Men

(No. = 100)

P-Value

Sperm Concentration

(million/ml)

40.2 ± 31.8 76.8 ± 34.6 0.000

Sperm Motility (%) 45.3 ± 28.8 68.2 ± 28.4 0.000

Progressive motility (%) 33.4 ± 26.2 62.1 ± 23.71 0.000

Abnormal Morphology (%) 75.65 ± 18.72 51.9 ± 12.13 0.000

Agglutination  (%) 9.87 ± 8.41 2.31 ± 1.56 0.000

WBC Count (million/ml) 2.39 ± 2.75 0.64 ± 0.49 0.000



Sperm Cells Figure (1) :
Blue Staining stained by Aniline

(AB) .
Sperm with A : Mature
(Condensed unstained head

Chromatin) .
Sperm with B : Immature
(Decondensed blue head

Chromatin) .

Sperm Cells Figure (2) :
Toluidine stained by
(TB) . Blue Staining
Sperm Cells A : Normal
(Intact DNA) with Blue Heads

.
B : Abnormal Sperm Cells with purple heads (Damaged DNA) .

Sperm Cells Figure (1) :
Blue Staining stained by Aniline

(AB) .
Sperm with A : Mature
(Condensed unstained head

Chromatin) .
Sperm with B : Immature
(Decondensed blue head

Chromatin) .

Sperm Cells Figure (2) :
Toluidine stained by
(TB) . Blue Staining
Sperm Cells A : Normal
(Intact DNA) with Blue Heads

.
B : Abnormal Sperm Cells with purple heads (Damaged DNA) .

Sperm Cells Figure (1) :
Blue Staining stained by Aniline

(AB) .
Sperm with A : Mature
(Condensed unstained head

Chromatin) .
Sperm with B : Immature
(Decondensed blue head

Chromatin) .

Sperm Cells Figure (2) :
Toluidine stained by
(TB) . Blue Staining
Sperm Cells A : Normal
(Intact DNA) with Blue Heads

.
B : Abnormal Sperm Cells with purple heads (Damaged DNA) .



2. Sperm Chromatin Integrity of Infertile and Fertile Men

As shown in tables (2) , there is a high significant increase in the percentage of sperm with

abnormal AB and TB staining in infertile men compared to fertile donors .

3.Sperm Chromatin Integrity of Normozoospermic and Fertile Men

As shown in figure (3) , there is a high significant increase in the percentage of sperm

with abnormal AB and TB staining in normozoospermic men compared to fertile donors .

Table (2) : Abnormal AB & TB staining of Infertile and Fertile Men

Parameter Infertile Men

(No. = 100)

M ± SD

Control (Fertile)

(No. = 20)

M ± SD

P-Value

Blue AB (%) 35.9 ± 19.4 25.15 ± 11.32 < 0.01

Purple TB (%) 43.6 ± 23 24.45 ± 12.63 < 0.001

Figure (3) : Abnormal AB & TB Chromatin Staining of Normozoospermic and Fertile

(Control) Men

4. Correlation between Seminal Fluid Parameters and Percentage of Abnormal AB &

TB Chromatin Staining of  Infertile Men
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As listed in table (6) , there is a high significant negative correlation (p<0.01)

between AB and TB abnormal staining in infertile men and each of : sperm concentration,

sperm motility, progressive motility, sperm morphology . the same table shows that no

significant correlation was observed between AB and TB abnormal staining in infertile men

and each of : sperm agglutination and seminal WBC count .

Table (3) : Correlation between Seminal Fluid Parameters and Percentage of Abnormal

AB & TB Chromatin Staining of  Infertile Men

Chromatin Stain

Parameter

Blue AB (%) Purple TB (%)

Sperm Concentration (Million/ml) r = - 0.232 r = - 0.315

Sperm Motility (%) r = - 0.395 r = - 0.441

Progressive Sperms (%) r = - 0.338 r = - 0.398

Abnormal Morphology (%) r = 0.355 r = 0.426

Agglutination  (%) r = 0.189 r = 0.106

WBC Count (Million/ml) r =  0.161 r = 0.121

Critical (r) value at 0.05 = ± 0.197

Critical (r) value at 0.01 = ± 0.256

DISCUSSION
A conventional seminal fluid analysis (SFA) was done for both infertile and fertile

groups , the results , as expected , show a high significant difference (p<0.01) between the

two groups (table 1) .

The current study has adopted the new reference limits submitted by WHO manual

(2010) ; because it is characterized by simplification and high standardization levels (14) .

Although the classical SFA is considered to be the main pillar in male infertility

investigation , it allows only a rough estimation of the fertility status because it does not

provide fair assessment for the functional status of the sperm (2) . The clinical significance of

SFA is further diminished by the heterogeneity of human semen which is large enough to

establish subtle variations in semen parameters between men in different geographic areas and

between different times or conditions within the same subject (15) .

It was estimated that the predictive value of normal semen testing in anticipation of

natural pregnancy is only 60% (16) , so that recent researches seek to find new predictor tools



by developing and testing specific investigations that can be used to further discriminate

between infertile and fertile subjects .

The results of the currents study agree with many previous studies recorded a high

significant decondensation rate in infertile patients indicating a role for sperm chromatin

condensation in causing infertility (17 , 13) .

During normal spermatogenesis, sperm chromatin become tightly compacted as basic

proteins called protamines replace somatic histones (18) . It was found that DNA compaction

enables safe transport of paternal DNA throughout the genital tract, and play an important

role in early pregnancy and allows the developing embryo to easily access the genetic

information and the“switch on” of genes that are needed during embryo development (19) .

The exact effect of protamine downregulation on male infertility is still unknown, it has

been postulated that protamine deficiency makes sperm DNA more sensitive to damage by

exogenous and endogenous factors specially during late spermatogenesis (20) .

The results of the present study also showed that there is a high significant difference in

sperm DNA fragmentaion between infertile and fertile men (table 2) . Although, many

techniques are widely used to evaluate sperm DNA fragmentation, sperm chromatin staining

by TB is simple, easy , safe and inexpensive method that can be used to detect sperm DNA

damage with scientifically reliable results (10) .

There is an agreement among many researchers that sperm DNA damage is one of the

initial causal factors that reduce the fertilizing capabilities of men (14 , 21-23) .

The results of the current study revealed that there is a significant difference in sperm

DNA damage between normozoospermic and fertile men (figure 3) , but no significant

difference was found in the sperm chromatin condensation . this results agrees with many

other studies that recorded a high percentage of sperm DNA damage in patients with

idiopathic male fertility (24-26) .

Accordingly, this result meets the aim of this study to use simple and inexpensive sperm

DNA techniques as a complementary tool in the fertility clinics to evaluate male infertility

and discriminate between infertile and fertile subjects beside routine seminal analysis .

As shown in the correlation matrix (table 3), there is a significant negative correlation

between sperm chromatin decondensation and each of sperm concentration and sperm

motility, while significant positive correlation was observed with sperm agglutination .

There are conflicting data to describe the relationship between semen parameters and

sperm chromatin decondensation, this may be imputed to the wide variations of semen



parameters recorded among-individuals as a result of biological variability, intra-individual,

seasonal and geographical variations that complicate the performance of seminal analysis (27) .

The correlation matrix (table 3) also showed a significant negative correlation between

sperm DNA damage and each of sperm concentration and sperm motility, while significant

positive correlation was recorded between sperm DNA damage and sperm agglutination .

The debate about the relationship between sperm DNA damage and semen parameters

is less controversial ; some researchers demonstrated weak to moderate correlations with

classic seminal parameters (28-29) , while many other indicated a strong association between

sperm DNA damage and standard seminal parameters (30 , 21) .

In respect of sperm concentration, the effect of DNA damage on sperm count has been

proved as a result of retarded spermatogenesis and apoptosis : Al-Hashimi et al. observed a

negative correlation between late apoptosis and DNA integrity (31) .

Regarding sperm morphology, previous studies agree with the present study in proving

strong association between abnormal sperm morphology and sperm DNA damage assessed by

different methods (30 , 32 , 21 , 8) .

Concerning sperm motility, sperm DNA damage seems to be in close association with

sperm motility and grades of progressive motility : Lukanov et al., used cytometry significant

negative correlations between DFI and sperm motility in normozoospermic infertile men (32) ,

Erenpreiss et al. used SCSA to detect DNA damage and found a correlation with progressive

motility (30) , Nava-Trujillo et al. utilized TB to assess DNA and found a negative correlation

with sperm motility (33) .

It is possible to hypothesize that any single-stranded or double-stranded breaks in sperm

genome will greatly hamper the functional status of the damaged DNA resulting in down-

regulation of the transcription process . Some researchers reported that when DNA damage

results in sperm apoptosis, it is understandable to find many immotile sperms (22) .

CONCLUSIONS

The study concluded that sperm DNA fragmentation (by TB staining) has good

predictive value in discriminating infertile and fertile men over seminal fluid analysis  .

RECOMMENDATIONS

TB staining of sperm chromatin can be used in the course of infertility diagnosis .

However, more investigations may be needed to confirm the discriminating power of sperm

chromatin condensation assays (by AB staining) to be ready to use in the routine workup in

the fertility clinics .
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