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Abstract 
Background: A high level of sperm chromatin decondensation results in loss 
of DNA quality and it is associated with poor embryonic prognosis in As-
sisted Reproductive Technology (ART). This had lead to introduction of 
sperm DNA compaction testing in assessment of clinical male infertility. To-
luidine blue assay is one of most commonly used tests to measure chromatin 
decondensation in research studies and also in clinical routine use. So the ob-
jective of our study was to assess the level of sperm chromatin decondensa-
tion by toluidine blue assay in men dealing with couple infertility. Methods: 
The sperm samples of 96 patients referred for infertility, over a 4-month pe-
riod from September 2020 to January 2021, were stained with toluidine blue 
and observed under an optical microscope. These were evaluated according 
to the World Health Organization. Results: The 25 - 34 age group was the 
most represented among infertile men. There was a non-significant correla-
tion between age and the level of spermatic chromatin condensation (r = 
0.0348). Spermatic parameters had averages above standards norms, apart 
from that of low vitality. Spermatic chromatin decondenization affected 96% 
of infertile patients. Asthenozoospermia was the most common abnormality. 
Among standard parameters of spermogram, only the concentration of sper-
matozoa in the semen was weakly correlated (r = 0.18) with sperm chromatin 
decondensation. Conclusion: The level of sperm chromatin condensation is, 
on the one hand, a parameter independent of the age of the subject; on the 
other hand, allows to evaluate male infertility, like the classic parameters of 
the spermogram and spermocytogram. However, in view of the high proba-
bility of changes in the nuclear quality of sperm intrinsic to the analysis process 
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and sperm concentration, an improvement of the toluidine blue test using 
the swim-up technique and associated with image processing software is possi-
ble. 
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1. Introduction 

Infertility according to the WHO is defined as the inability to obtain a clinical 
pregnancy after at least 12 months of regular, frequent, unprotected sexual in-
tercourse [1]. It is a public health problem in the world and affects 10% to 15% 
of couples [2] [3] [4]. In sub-Saharan Africa, the prevalence of couple infertility, 
which ranges from 12.7% to 16.9%, does not reflect that of the world population 
due to the lack of data on this condition [5]. The spermogram and spermocyto-
gram explore male fertility by studying the quantitative and cytological parame-
ters of the sperm, but do not assess the quality of the genetic material of the 
sperm [6]. In recent decades it has been well known that good quality genetic 
material is very important for conception [7]. Hence the importance of its ex-
ploration can be done by studying the fragmentation of sperm DNA and/or the 
decondensation of sperm chromatin. Sperm chromatin decondensation studies 
the quality of the tertiary structure of sperm DNA, which must be compacted in 
the nucleus of the spermatozoon by replacing histones with protamines [8]. 
Thus, regions that do not contain protamines or do not have a good quality of 
fixation of protamines to DNA, will lead to an increased risk of alteration of the 
DNA such as denaturation, break and fragmentation when exposed to aggres-
sions. These attacks are represented by oxidative stress, an infectious or inflam-
matory process, environmental factors (toxic, hydrocarbons, insecticides, heat) 
or iatrogenic factors (radiotherapy, chemotherapy) [9] [10]. 

The sperm chromatin decondensation can be evaluated by flow cytometry 
tests, which are not feasible in routine and staining tests that are: the toluidine 
blue test, the aniline blue test and the A3 chromomycin test. The Toluidine Blue 
(TB) test is a simple and inexpensive test. Smears spread out to be stained by TB 
can also be used for morphological evaluation of cells. 

The objective of this study was to assess correlation between age, standard 
spermogram and spermocytogram parameters, and sperm chromatin decon-
densation in vivo by toluidine blue assay in infertile men. The findings of our 
works could be useful for the prognosis of pregnancy occurrence for infertile 
couples undergoing ART. 

2. Material and Method 
2.1. Type of Study 

This was a prospective descriptive and analytical study carried out over a period 
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of 05 months (from September 1, 2020 to January 31, 2021). 

2.2. Population 

96 men admitted to the laboratory for a spermogram/spermocytogram examina-
tion were included in our study. Consent was obtained from our patients and the 
study was approved by ethical comitte of our institution. 
 Inclusion criteria 
• Men followed up for the exploration of a couple infertility;  
• Men having met necessary pre-analytical conditions according to the WHO 

latest guidelines (2010). 
 Exclusion criteria  
• Azoospermia;  
• Severe to moderate oligozoospermia. 

2.3. Semen Samples  

We collected semen samples after 3 - 5 days of sexual abstinence. The analysis 
was performed 30 min after collection, according to the WHO latest guidelines 
(2010). It also included sperm vitality, motility, concentration and leukocyte 
concentration. Sperm morphology was assessed using Kruger’s Criteria. 

2.4. Data Collection Technique and Tools 

• Socio-demographic, clinical data;  
• Spermogram and spermocytogram data; 
• Sperm chromatin decondensation test data. 

These data collected from the bench sheets and patient results are reported on 
survey sheets. 
• Sperm chromatin decondensation parameters 

Test used: Toluidine blue 
a) Principle 
Toluidine blue or trimethylthionine hydrochloride is a basic nuclear dye that 

has a strong affinity for basophilic molecules including nucleic acids, which will 
then be colored in different shades of blue (orthochromatic) in animal cells. 
Thus, in the spermatozoon, toluidine blue colors the nucleus more or less in-
tensely, depending on the degree of chromatin opening: strongly condensed 
DNA will only allow little dye to penetrate, giving the nucleus a very pale blue, 
while a weakly condensed DNA will accept more dye. Toluidine blue becomes 
strongly incorporated, with shades of purple or dark blue in damaged chroma-
tin. 

b) Technique 
This technique was performed using fresh semen samples with at least 5 mil-

lions spermatozoa: 
- Spread 10 µl of semen on the slide 
- Allow to dry in the open air 
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- Fix the smear slides for 30 minutes at 4˚C in an equal volume mixture of 95˚ 
ethanol and acetone 

- Allow to dry in the open air 
- Incubate at 4˚C in 0.1 N HCl for 5 minutes. 
- Perform a quick wash in distilled water 
- Dilute the toluidine blue powder to 1% with distilled water 
- Prepare toluidine blue at 1% in McIlvain buffer (50% citrated phosphate buf-

fer, pH 3.5). 
- Incubate the slides for 15 minutes at room temperature in toluidine blue solu-

tion buffered at a concentration of 0.035%. 
- Dehydrate the slides by successive baths of 05 seconds each, using increasing 

degree ethanol (70˚, 80˚ then 95˚) 
- Lighten with Xylene at room temperature for 3 min 
- Make an assembly of slats with Eukitt’s balm.  

A total of 200 spermatozoa are observed and counted with an optical micro-
scope. Then we calculated the frequency of spermatozoa with decondensed 
chromatin on 200 spermatozoa to obtain the rate of spermatozoon chromatin 
decondensation.  

c) Sperm chromatin decondensation reference values 
 Rate < 20%: good quality 
 Rate between 20% and 25%: average quality 
 Rate ≥ 25%: poor quality and poor embryonic prognosis [11] [12] 

N.B.: toluidine blue, previously diluted to 1% in distilled water, is stored at a 
temperature of 4˚C. 

2.5. Statistical Analysis 

The results were expressed in percentages and frequencies for descriptive statis-
tics. For analytic stastistical, Fischer’s exact test was used for qualitative data 
comparisons because of some proportions less than 5. Pearson’s correlation test 
was used to compare quantitative data. 

The analyses were performed using Epi Info 7 and STATA 14.0 softwares. 

3. Results 

Our study examined the level of sperm chromatin decondensation tested with 
toluidine blue. It was performed in 96 infertile patients recruited over a 20-week 
period. A rate of spermatic chromatin decondensation < 25% was low, corres-
ponding to a good embryonic prognosis and a rate of sperm chromatin decon-
densation ≥ 25%, corresponded to a bad embryonic prognosis. 

3.1. Age of Patients 

The average age of the patients was 37.60 ± 7.25 years with extremes of 25 years 
and 63 years. Our patients were divided into three age groups (25 - 34; 35 - 39; 
≥40 ans). The majority of patients (36.46%) were between 25 and 34 years old.  
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3.2. Standard Parameters of Spermogram and Spermocytogram 

The averages of all the parameters are higher than the standard norms except 
that of vitality (Table 1). 

3.3. Spermogramm and Spermocytogram Abnormalities  

Asthenozoospermia was the most common abnormality (Figure 1). 
AT: Asthenoteratozoospermia; 
A: Asthenozoospermia; 
OAT: Oligoasthenoteratozoospermia; 
OA: Oligoasthenozoospermia; 
O: Oligozoospermia; 
T: Teratozoospermia. 

3.4. Sperm Chromatin Decondensation 

The mean sperm chromatin decondensation rate was 80.07% ± 19.31% with ex-
tremes of 18% and 99% (Figure 2).  

Figure 3 illustrates the morphological appearance of some spermatozoa after 
staining with toluidine blue. 

3.5. Sperm Chromatin Decondensation and Age 

There is no statistically significant association between age and sperm chromatin 
decondensation (Table 2). 

 
Table 1. Average standard spermogram parameters of patients. 

Parameters Normal values Means and standard deviations 

Volume (ml) 1.5 à 6 ml 2.61 ± 1.41 

pH 7.2 à 7.8 7.33 ± 0.18 

First hour sperm motility (%) >32% 35.86 ± 15.18 

Vitality (%) >38% 50.89 ± 17.03 

Concentration (millions/ml) ≥15 M/ml 61.36 ± 58.86 

Normal shapes (%) >4% 9.48 ± 9.47 

 

 
Figure 1. Frequency of spermogram and spermocyto-
gram abnormalities. 

AT, 27 
A, 34

Normal, 14 

OAT, 14

OA, 1 OT, 2 O, 1 T, 3 
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Figure 2. Distribution of infertile patients according to 
the level of sperm chromatin decondensation. 

 

 
Figure 3. Observation in optical microscopy (X 1000) of toluidine blue coloured 
spermatozoa (Reproductive Biology Section of the LHRBCMG of the FHS/UAC 
of Cotonou, Benin). 

 
Table 2. Relationship between sperm chromatin decondensation and age. 

Sperm chromatin 
decondensation 

Age range 

p = 0.55 
25 - 34 35 - 39 40 - 63 

Low (%) 50 0 50 

High (%) 35.87 30.43 33.70 

3.6. Sperm Chromatin Decondensation and Sperm Concentration 

There is no statistically significant association between early spermatozoa motil-
ity and sperm chromatin decondensation (Table 3).  

3.7. Sperm Chromatin Decondensation and Spermatozoa  
Morphology 

There is no statistically significant relationship between spermatozoa morphol-
ogy and sperm chromatin decondensation (Table 4). 
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3.8. Correlation between Age, Spermogram and Spermocytogram  
Parameters and Sperm Chromatin Decondensation (Table 5) 

There was no correlation (r < 0.1) between patient age, vitality, spermatozoa 
morphology and sperm chromatin decondensation. 

There was a weak (0.1 < r < 0.3) correlation, but non-significant (p > 0.05) 
between spermatozoa concentration and sperm chromatin decondensation. 

There was a non-significant (p > 0.05) negative correlation (r < 0) between 
first hour spermatozoa mobility, round cell concentration and spermatic chro-
matin decondensation. 

4. Discussion 
4.1. Age and Sperm Chromatin Decondensation 

The age groups described as qualitative variables in our study are those indicated 
by the work of de la Rochebrochard and E, Thonneau P [7].  

The average age in our study was 37.60 ± 7.25 years. This average age was su-
perimposed on that found by Hee-Sun Kim and al in Korea, in their study [8]. 

 
Table 3. Relationship between decondensation of spermatic chromatin and spermatozoa 
concentration. 

Sperm chromatin 
Decondensation 

Sperm concentration 

p = 0.47 
Poor Normal 

Low (%) 25 75 

High (%) 14.13 85.87 

 
Table 4. Relationship between the sperm chromatin decondensation and the spermato-
zoa morphology. 

Sperm chromatin decondensation 
Spermatozoa Morphology 

p = 0.36 
Normal Abnormal 

Low (%) 25 75 

High (%) 52.17 47.83 

 
Table 5. Correlation between age, first-hour motility, vitality, concentration, spermatozoa 
morphology and sperm chromatin decondensation. 

Variables Sperm chromatin decondensation 

Age r = 0.0348 p = 0.74 

First-hour motility (%) r = −0.06 p = 0.59 

Vitality (%) r = 0.00 p = 0.96 

Concentration (millions/ml) r = 0.18 p = 0.07 

Normal shapes (%) r = 0.02 p = 0.84 

Round cells concentration (millions/ml) r = −0.05 p = 0.63 
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The 25 - 34 age group is the most represented among infertile men, unlike 
several other studies that show that the risk of infertility and miscarriage in-
creases when the man is over 35 or even 40 years old. This corresponds to the 
age limit for sperm donors [9] [10]. Only after the age of 35 should reproductive 
risk factors in the partner be considered, such as: age and low ovarian response, 
suggesting an interaction between paternal age and maternal risk factors [7] [13] 
[14] [15] [16]. 

Furthermore, there is no significant link in our study between the age group 
and the fertility prognosis related to spermatic chromatin decondensation (p = 
0.55). The correlation between age and spermatic chromatin decondensation is 
not significant with a coefficient r = 0.035 and p = 0.74, as shown by Hee-Sun 
Kim et al in their work [8]. 

This could suggest the evaluation of spermatic chromatin decondensation as a 
microscopic parameter involved in male infertility, regardless of the age of the 
subject. 

4.2. Sperm Parameters and Sperm Chromatin Decondensation  

In our study, sperm parameters had averages above standard norms, apart from 
that of vitality which was low. This could be explained by the fact that the plas-
mic membrane of non-viable spermatozoa becomes permeable to certain dyes 
and no longer responds to osmotic pressure variations [17]. In addition, Aoki 
and al. in the United States, noted that sperm with low levels of protamines have 
decreased viability and a significant susceptibility to DNA damage [10]. This ex-
plains the decrease in vitality in infertile patients. 

In terms of mobility, it was impaired in the majority of our patients. Moreo-
ver, asthenozoospermia is a disorder very frequently found in infertile patients 
as reported by Tognifodé in Benin. Often changes in mobility are accompanied 
by poor quality of spermatic DNA that can be fragmented [18]-[25]. By the way, 
flagellar pathologies are usually accompanied by changes in the cephalic consti-
tuents of sperm [26]. Poorly condensed chromatin, nuclear vacuoles and mal-
formed or absent acrosome are therefore frequently observed. 

By cross-referencing the data, we did not find a significant link between sperm 
mobility, concentration, morphology and fertility prognosis related to sperm 
chromatin decondenization. In contrast, Hee-Sun Kim et al. found a correlation 
between morphology and the rate of spermatic DNA decondensation. They re-
ported a higher frequency of decondensed chromatin sperm in the abnormal- 
shaped sperm population. Contrary to these results, Ajina T and al in Tunisia 
showed a significant correlation between spermatic chromatin abnormalities and 
those of mobility, concentration, vitality and morphology. This demonstrates the 
impact of significant abnormalities in the structure of spermatic chromatin on 
the alteration of standard spermatic parameters [27]. 

In addition, first-hour mobility and vitality in our study were negatively cor-
related with spermatic chromatin condensation; this correlation was not signifi-
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cant with respectively (p = 0.59; p = 0.96). The results of our work are superim-
posable on those of Pourmasumi S. et al. in Iran whose study used the tests with 
toluidine blue and aniline blue, and Hammadeh and al who performed the test 
with only blue d. aniline [28] [29]. 

This suggests that chromatin condensation is a reliable parameter that can be 
analyzed in the exploration of male infertility, regardless of the standard para-
meters of mobility, vitality, concentration and morphology. 

The round cells, which are divided into spermatogenic cells and leukocytes, 
represent other parameters which, like the presence of reactive oxygen species, 
involved in sperm chromatin decondensation as revealed by the works of Henkel 
R et al. [30]. The concentration of round cells in the semen is also not correlated 
with sperm chromatin decondensation. Henkel R and al. reported that the oxid-
ative stress caused by either leukocytes or sperm cells themselves can also lead to 
sperm chromatin decondensation. 

On the one hand, packaging the male genome with protamines offers protec-
tion against aggression, including oxidative stress caused by leukocytes. This 
means that, if there is an under-protamination of the sperm chromatin, the 
DNA would be exposed and therefore easily accessible to attacks, which can 
damage it. On the other hand, DNA size requires restructuring and rearrange-
ment of the male genome during chromatin condensation, in order to attenuate 
the torsional stress of the molecule by negative supercoiling [31].  

4.3. Study Limits 

Our sample could have included fertile controls and simultaneously been tested 
with other cytochemical techniques, allowing a better appreciation of the sensi-
tivity and specificity of the toluidine blue test, for the evaluation of sperm chro-
matin condensation.  

Moreover, the search for reactive oxygen species for each sperm sample would 
have made possible to highlight their impact on the decondensation of sperm 
chromatin. 

In general, the TB method is simple and inexpensive and has the advantage of 
providing preparations for use on ordinary microscope. Smears coloured with 
the TB method can also be used for morphological evaluation of cells. However, 
this method has an inherent limit of repeatability dictated by variations in dye 
balance and a limited number of cells that can be reasonably noted [32].  

An improvement of the toluidine blue test using the swim-up technique and 
associated with image processing software could have facilitated sperm analysis 
by reducing the operator’s subjectivity, particurarly in the case of medical assis-
tance to procreation. 

Erenpreisa J. and al have in their work, associated image cytometry to obtain 
an algorithm of cytometric images and a finer determination of the nuclear sta-
tus of the sperm [33]. The sperm heads, coloured with toluidine blue and ob-
served under an optical microscope, fell into one of four categories (dark purple, 
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dark blue, light blue and light purple). Their study found that the average per-
centage of dark blue and dark purple headed sperm was higher in infertile men 
than fertile men. 

5. Conclusion 

Abnormalities in the nuclear quality of the sperm are likely to compromise the 
onset of pregnancy at a certain threshold. In our context in developing countries, 
studying the level of sperm chromatin condensation by toluidine blue assay, 
could be a routine examination. This study found that infertile patients had a 
high rate of sperm chromatin decondensation. The level of sperm chromatin 
decondensation is a parameter that, on the one hand, varies independently of the 
age of the subject. On the other hand, it may allow to evaluate male infertility, 
like the classic parameters of the spermogram and spermocytogram, especially in 
patients undergoing ART.  
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