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Introduction
Female factor has always been considered crucial for achieving 

pregnancy in Medically Assisted Reproduction (MAR). Advanced ma-
ternal age (AMA) has a negative impact on in vitro fertilization (IVF) 
results: it affects oocytes and, consequently, embryo quality, by increas-
ing chromosomal aneuploidies [1-3]. However, in the last years, sev-
eral studies have focused their attention on the involvement of paternal 
factor in Assisted reproduction techniques (ART) outcomes [4-6]. It is 
known that the male factor causes infertility in about 50% of infertile 
couples [7] and it is estimated that about 15% of men with normal se-
men parameters have problems in achieving pregnancy [8]. Paternal 
factor relates to a reduction in fertilization rates and embryo develop-
ment [9-11]. In many cases, routine semen analysis (spermiogram) is 
the only criterion for the selection of spermatozoa during IVF, a con-
dition that has been extensively criticized. In addition, other authors 
concluded that men with normal semen parameters may still be infer-
tile [12-14]. Recently, scientific attention has focused on other quality 
markers such as the structural and functional integrity of sperm and 
its decisive role in ART success [15-17].  In fact, sperm quality could 
be assessed not only considering standard semen parameters, but also 
sperm DNA damage, sperm membrane permeability and sperm chro-
matin condensation [18,19]. Sperm nuclear integrity is guaranteed by 
a correct chromatin packaging, which is normally assured by the re-
placement of histones with protamines (protamination) to form tight 

DNA-proteins structure [20]. It has been evaluated that incorrect prot-
amination is associated with advanced paternal age (APA) and can alter 
both sperm fertilization capacity and early embryo development [21]. 
Therefore, sperm chromatin condensation may have an important role 
in influencing sperm competence to achieve pregnancy in ART [22-25]. 
In the present study, we evaluate sperm DNA chromatin integrity with 
Aniline blue (AB) staining test that distinguish unstained mature sper-
matozoa from stained immature ones [26-27]. The aim of the study is to 
define a predictive AB cut-off value for semen parameters and to ana-
lyze the impact of chromatin decondensation in oligoastenozoospermic 
patients in OD cycles.

Materials and methods
Study population

We retrospectively analyzed 172 male patients in OD model 
enrolled in European Hospital Fertility Center between January 2016 

Abstract
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and December 2018.  Inclusion criteria were: history of infertility 
of 1 year or longer, normal or sub-fertile seminal parameters, cycles 
with 8-9 vitrified oocytes with a post-warming survival rate >50%. 
Only fresh ejaculate semen was included. Patients with azoospermia, 
hypogonadism, testicular torsion, concomitant urogenital infections, 
previous chemotherapy or radiotherapy and drug therapy were 
excluded from the analysis. All patients were free from type-1/2 human 
immunodeficiency virus (HIV), hepatitis B virus, hepatitis C virus, 
Cytomegalovirus, Treponema pallidum and Syphilis. Our population 
was evaluated for AB test which was performed both on semen sample 
and after swim-up treatment. 70 patients of 172 with the positive AB 
test cut-off, detected in this study, were considered and divided into 
two subgroups: oligoasthenozoospermic and normozoospermic. The 
study was conducted in accordance with the principles expressed in the 
Declaration of Helsinki and an informed consent was obtained from 
the couples with the approval of the internal ethics commission of the 
European Hospital.

Semen assessment and preparation

On the day of insemination, all subjects underwent semen analysis: 
fresh semen was collected in a sterile jar by masturbation after 3-5 days 
of sexual abstinence. Semen analysis has been performed following the 
WHO 2010 [28] at 5° percentile: semen volume, 1,5 (1,4-1,7) ml; total 
sperm number, 39 (33-46) million per ejaculate, sperm concentration, 
15 (12-16) million per ml; progressive motility, 32% (31-34); total 
(progressive, non- progressive) motility, 40% (38-42); morphology 
4,0% (3,0–4,0). Swim-up was performed for semen preparation. The 
sperm count, motility and morphology (Diff Quick staining, MBT 
Medical Biological Technologies, Italy) before and after swim-up, were 
analyzed according to WHO 2010 guidelines [28].

Aniline Blue staining

AB test was performed both on native semen and swimp-up. An 
aliquot of the samples was smeared on slides and let them dried on air. 
After that, air-dried smears were fixed for 15 min in 37% formaldehyde 
in phosphate buffered saline solution (pH 7.2) and stained with 5% 
(w/v) aqueous AB (Sigma®, Germany) in 4% acetic acid (pH 3.5) for 2 
min [29]. The slides were washed with sterile water and spermatozoa 
observed for AB staining: they were positive if the dark blue dye 
occupied the entire region of the sperm head or the post-acrosomal 
region; conversely, they were considered negative if the sperm heads 
were colorless.

Laboratory and Clinical procedures
Donated oocytes were warmed following the Kitazato procedure 

(Kitazato thawing Kit; BioPharma, Shizouka, Japan). One and a half 
hour after warming, surviving oocytes underwent ICSI and only 
correctly fertilized (2PN) oocytes were analyzed. Embryo morphology 
was assessed using our routine scoring system [30] and blastocysts 
morphology was evaluated with the scoring system described by 
Gardner and Schoolcraft  [31]. Embryo culture was performed in 
incubators at 37°C, 5% O2 and 6% CO2 in sequential media (Quinn’s 
Advantage Medium; SAGE, USA). In OD cycles, our laboratory policy 
is to transfer 1 or 2 embryos on day-3 or 1 blastocyst on day-5. Embryo 
transfer was performed under transabdominal ultrasound guidance 
using a Wallace catheter (Wallace; Smith Medical, Dublin, Ireland) 
[32]. Supernumerary embryos were vitrified (Kitazato vitrification Kit; 
BioPharma, Shizouka, Japan). The β-HCG value was assessed 14 days 
after embryo transfer. Clinical pregnancy was confirmed by ultrasound 
visualization of the gestational sac/s with fetal heartbeat.

Statistical analysis
Male age, body mass index (BMI) and semen parameters are presented 

as median value (min-max). Normal distribution of AB test was tested by 
the Kolmogorov-Smirnov test and to evaluate if there were any difference 
in the results, the nonparametric Mann–Whitney U test was utilized. 
Multiple Linear regression was used to check the correlation between 
the AB test, BMI, male age, morphology and semen concentration or 
motility. The predictive AB test cut-off of standard semen parameters 
was verified using the ROC curve and the area under the curve (AUC), 
considering confidence interval (CI 95%).  We evaluated differences 
between subgroups in terms of clinical outcomes using Wilcoxon test. 
The Statistical Package for Social Sciences (SPSS 23.0, Chicago, IL, USA) 
was used. p value ≤.05 was considered as significant.

Results
Male population of 172 OD cycles was described in table 1 by reporting 

age, BMI, semen parameters and AB values before and after swim-up. 
The male median (min-max) age was 44,76 (36.00-53.92) years old; male 
median (min-max) BMI was 28,70 (27.00-34.00). The distribution of AB 
test values was similar in the whole sample and in the swim-up sample 
(p= 0,262) (Figure 1).  As shown in table 2, there was a negative correlation 
between AB test value and sperm concentration (p=0,001) and motility 
(p=0,008); whereas there wasn’t any correlation with morphology (p=0,6). 
Male characteristics such as male age (p=0,3) and BMI (p=0,07) did not 
relate to sperm nuclear integrity. Subsequently, the 172 male patients were 
divided considering each single sperm parameter at a time: 148 had a 
normal concentration and 24 abnormal; 154 had a normal total motility 
and 18 abnormal; 75 had a normal morphology and 97 abnormal.

As showed from ROC curve, sperm chromatin maturity did 
not correlate with morphology (AUC=0.550, IC 95%: 0.103-0.87, 
p=0.245) (Figure 2a) but revealed a significant predictive value of AB 
test for normal semen concentration (AUC=0.675, IC 95%: 0.708- 
0.622, p<0.05, cut off= 19%) (Figure 2b) and for normal motility 
(AUC=0.665, IC 95%: 0.667 – 0.649, p<0.05, cut-off=19%) (Figure 2c). 
To verify if sperm quality influence clinical outcomes in OD cycles 
we compared two subgroups with positive AB test (≥19%) divided in 
oligoastenozoospermic and normozoospermic. As showed in table 3, 
there was a statistical significance difference in the ability to achieve 
pregnancy (ß-hCG positive test) (p=0,03) and in the live birth rate 
(LBR) (p=0,04) in the group with normal seminal parameters but with 
high AB cut-off (≥19%).

Discussion
Our study used OD cycles as a model to better understand male 

impact and focused the attention on semen parameters, age, BMI and 

Principal charateristics of the 172  male partner in OD model
Characteristics Values
Male age (years) 44,67(36,00-53,92)
Male BMI (kg/m

2

) 28,70(27,00-34,00)
Semen volume (ml) 2,80(1,00 -7,40)
Sperm concentration (X10

6

/ml) 39,00(5-80)
Total sperm motility A+B+C (%) 58(15-95)
Normal Sperm morphology (%) 3,0(1-6)
Sperm concentration after swim-up (X10

6

/ml) 20(0,80-95)
Total sperm motility after Swim-up (%) 95,0(43-99)
AB staining spermatozoa (%) 16,5(2-77)
AB staining spermatozoa after swim-up (%) 12,5(2-61)

Table 1. Values are expressed as median (R); R, range (min-max); BMI, body mass index; 
AB, aniline blue
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that could be a potential index of male infertility. AB test ≥ 19% 
were more associated with men with abnormal concentration and 
motility (oligoasthenozoospermic) and this could be due to a different 
spermatogenic remodeling of chromatin resulting in greater histone 
retention (>15%) or chromatin non-condensation [38,42,43]. To 
evaluate the influence of AB test cut-off of 19% on clinical outcomes, we 
considered OD cycles in which female factor (maternal age) has a heavy 
weight on the results [44]. In our study, oligoasthenozoospermic patients 
compared to normozoospermic, sperm chromatin decondensation did 
not affect ICSI results (oocyte fertilization and embryo development 
rates) but a decrease in pregnancy positive tests and LBR was detected. 
Our data could agree with other works that did not show an association 
between correct chromatin packaging and ICSI results [26]. However, 
it is known that alterations in DNA packaging can be associated 
[45] with semen parameters and ICSI results [21]. The impact of 
chromatin condensation on fertilization and embryo development 
rates is controversial, while it seems to have more influence on ART 
clinical outcomes as could be seen from our results [22,46-52]. Our 

chromatin condensation evaluated by AB test. For sperm preparation 
was used the swim-up because it has been reported that the final 
spermatozoa have a better chromatin condensation compared to the 
density gradient [34]. We did not found a significant difference in AB 
values in the whole semen sample and after swim-up. In the whole 
semen sample, being the spermatogenesis a continuous process, it is 
possible to have different amounts of immature, mature and senescent 
spermatozoa with chromatin impairing condensation depending on 
day of abstinence [33-35]. It is reasonable to hypothesize that the swim-
up, which is a selection technique based on sperm motility, does not 
eliminate spermatozoa with DNA damage due to impaired chromatin 
condensation [36].  Multiple regression analysis between AB values and 
male parameters did not show an association between AB with male 
age and BMI and sperm morphology; however, there was a negative 
correlation of chromatin maturity with concentration and motility 
(p<0.001) in agreement with other studies present in literature [27,37-
39]. As concern morphology, Pourmasumi et al. (2019) showed a 
negative correlation between this parameter and AB staining [27], in 
contrast with our article where no correlation was found. Hammadeh 
et al. (2001) [40] suggested no correlation between chromatin 
condensation and sperm morphology, even if the authors declared 
that sperm chromatin assessment constitutes a valuable parameter 
in the male fertility, completely independent of conventional semen 
parameters. 

We straightened this multiple regression analysis results by ROC 
curve that permitted us to find an AB test cut-off of 19% predictive 
for sperm count and motility, but not for morphology.  Whereas 
several authors found an AB test cut-off in relation with clinical results 
[26,41], we identified a cut-off value in relation to semen parameters 

Multiple regression analysis. Correletion between sperm parameters, BMI, male age 
with Aniline blue (AB)- test
Male Parameters Correlation coefficient (r) P-value
AB
Sperm concentration -0,14 0,001
Sperm motility -0,21 0,008
Sperm morfology 0,26 0,6
Male BMI 0,31 0,07
Male Age 0.58 0,3

Table 2. BMI, body mass index; AB, aniline blue. P-value<0,05 was considered to be 
significant

Comparison of ICSI outcomes between sub-groups with an  AB test cut-off  ≥ 19% 
in  OD program.

Variables Oligoasthenozoospermic 
(n=12)

Normozoospermic
(n=58) P-value

Oocyte survival rate (%) 76/89 (85,39) 1112/1267 (87,77) NS
Fertilized oocytes (%) 52/76 (68,42) 842/1112 (75,72) NS
Total Embryos (%) 41/52 (78,85) 641/842 (76,13) NS
B-hCG positive test (%) 4/12 (33,33) 108/160 (67,5) 0,03
Clinical pregnancies rate 
(CPR%) 3/12 (25,00) 91/160 (56,88) 0,06

Live birth rate (LBR%) 3/12 (25,00) 95/160 (59,38) 0,04
Miscarriage (%) 0 (0) 12/105 (11,43) NS

Table 3. Population was divided according to AB test cut-off positive value (AB test ≥ 
19%). and semen total motility and concentration in 2 subgroups: oligoasthenozoospermic 
and normozoospermic

Figure 1. Comparison of AB test results before and after swim-up. AB test results are 
expressed as median value, nonparametric Mann–Whitney U test was utilized (p= 0,262). 
P-value<0,05 was considered to be significant

Figure 2. ROC CURVE. 2a) Receiving operating characteristic (ROC) curve of AB-
test for predicting semen morphology: AUC= 0,550, p=0,245, IC 95%: 0,103-0,87, cut-
off point= 29%. 2b) ROC curve of AB-test for predicting concentration: AUC=0,675, 
p<0,05, IC 95%: 0.708 - 0.622 cut-off point=19%. 2c) ROC curve of AB-test for predicting 
motility: AUC=0,665, p< 0,05 IC 95%: 0.667 - 0.649 cut-off point =19%. P-value<0,05 
was considered to be significant
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data showed a correlation between a positive AB test and impaired 
sperm parameters: poorly packed sperm chromatin makes DNA more 
susceptible to reactive oxygen species (ROS) attack [16]. Oxidative stress 
condition has a negative effect both on mitochondrial functionality and 
DNA: this leads to a decrease in sperm motility and an impairment of 
DNA integrity [53]. In conclusion, sperm chromatin condensation is 
essential to assure a correct DNA packaging. 

Conclusion
The present study evaluates the effect of chromatin integrity 

on seminal parameters of male partners in OD cycles. We found a 
predictive positive cut-off value of 19% AB for sperm concentration 
and motility, but not for morphology. Our preliminary data focus 
on seminal parameters in relation to the method of the selection of 
spermatozoa with intact chromatin in men of advanced age undergoing 
OD cycles. A correct DNA packaging  is essential for better success 
in ART techniques and our results could be an advice to pay more 
attention to patients with reduced motility (astenozoospermic). 
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