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Abstract

Background: This paper aims to evaluate and correlate the sperm functional parameters, i.e., hypo-osmotic swelling score (HOS), 
acrosome intactness test (AIT) with sperm DNA integrity of infertile men with different infertile conditions. 

Materials and methods: A total of 147 infertile subjects were recruited for the study from SMS Medical College & Hospital, Jaipur, 
Rajasthan, India. The study group was categorized into five different conditions according to the WHO protocol. Parameters of seminal 
characteristics and sperm functional tests and DNA integrity of spermatozoa were analyzed.

Results: The HOS and AIT shows decrement in mean value for all infertile subjects compared with the normozoospermic fertile men. 
However, in teratozoospermic and asthenoteratozoospermic conditions HOS and AIT values decreased significantly (p<0.05, 0.01) as 
compared to normozoospermic condition. DNA damage in spermatozoa was also increased in teratozoospermic condition as compared to 
other infertile conditions. A significant and inverse correlation (r=-0.04, P<0.05) was observed between percentage of DNA damage and HOS 
score. Whereas, AIT score showed an insignificant inverse (r=-0.4, p>0.05) correlation. 

Conclusion: The sperm functional tests are objective markers of sperm DNA damage. Thus, DNA integrity assessment have a pivotal 
diagnostic and prognostic role in infertile men opting for assisted reproduction techniques and sperm functional tests can provide valuable 
clinical insights into defects causing male infertility.
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Introduction

Routine semen analysis provides useful information 
pertaining to sperm production by the testis, sperm motility, 
viability, the patency of the male genital tract, the secretions 
of the accessory organs, as well as ejaculation and emission. 
For initial assessment of infertile male these informations are 
obvious. However, these tests do not provide insights into the 
fertilizing potential of the spermatozoon [1-3]. Thus, the semen 
analysis results alone cannot distinguish the fertile from the 
infertile subject except the man is azoospermic. To achieve 
pregnancy spermatozoa must be competent of penetrating and 
passing through the cervical mucus, and through the uterus 
to the ampullae of the oviducts, for capacitation, acrosomal 
reaction, binding and penetration of the zona pellucida, and 
ultimately the ovum. Once the spermatozoon penetrates the  

 
ovum, it must then undergo nuclear decondensation to deliver  
the appropriate haploid chromosome complement. Defects in 
any of these complex events can result in male infertility [4]. 
Now a days there is a significant decrement in these tests with 
the onset of intracytoplasmic sperm injection (ICSI), despite 
the fact that evaluation prior to treatment could prevent over 
treatment with the most advanced and costly technology, as well 
as unexpected IVF (in vitro fertilization) failure for men with 
normal semen parameters (as measured by the semen analysis), 
but with unrecognized functional sperm deficiencies. With ICSI, 
many physicians treating the infertile couple no longer cared to 
determine the source of the infertility. If a spermatozoon could 
be found, there was the likely to fertilize an ovum, regardless 
of the functional deficiency [5]. Therefore, besides motility and 
viability parameters, sperm functional tests, i.e., hypo-osmotic 
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swelling test, acrosomal integrity and sperm DNA integrity 
tests would also be useful in IVF outcome. The hypo-osmotic 
swelling test assesses the functional integrity of the sperm 
plasma membrane. The plasma membrane of a spermatozoon 
is also essential for capacitation, acrosome reaction, binding 
of the sperm to the egg surface and fertilization. It has also 
been suggested that the level of acrosin activity of the sperm 
may be a useful determinant of sperm fertility potential [6]. 
Sperm chromatin structure protects genetic integrity during 
transport of the paternal genome through the male and female 
reproductive tracts [7,8]. Various in vivo and in vitro studies have 
suggested that disturbances in the organization of the genomic 
material in sperm nuclei are negatively correlated with the 
fertility potential of spermatozoa [9-11]. Here, an attempt has 
been made to assess the quality of sperms through the sperm 
functional tests and DNA integrity of spermatozoa in different 
types of diagnosed infertility conditions. 

Materials and Methods

The study population comprised from couples who 
presented themselves for various infertility problems at the 
Division of Infertility, Department of Urology, SMS Medical 
College & Hospital, Jaipur, India during March, 2006 to February, 
2015. Five hundred infertile couples were selected for initial 
screening. After exclusion of infertility through female factors, 
aspermic and subjects with erectile dysfunction and obstructive 
azoospermic conditions, 147 infertile subjects were recruited 
for the present investigation. The details of occupation, status 
of infertility, viz., primary/secondary, details of previous 
ailments/treatment, lifestyle, occupation, information on age, 
health problems, etc., were recorded. The age of the recruited 
subjects ranged 18 to 45 years. From the recruited subjects 
34 were businessmen, 41 professionals, 37 casual laborers, 26 
farmers and 9 others (students). Based on the subjects profile 
28 subjects were the case of excessive alcohol consumption, 40 
subjects had the habit of cigarette smoking, 60 subjects were the 
habit of tobacco chewing and 19 subjects had a high stressful 
job profile (long driving and long sitting). A complete urogenital 
examination of each subject was recorded in a predesigned 
proforma. The study was approved by the Institutional Ethical 
Committee (IEC) and a written consent to participate in the 
study was obtained from each subject.

Semen analysis 

The semen samples were collected by masturbation into a 
clean sterile sample collection vial, under aseptic conditions. 
Subjects were instructed to abstain for at least 48 hours prior 
to collection of the semen sample. The samples were liquefied 
for at least 20 minutes in a water bath at 37 °C, but no longer 
than 1 hour prior to performing a routine semen analysis. Semen 
analysis was performed within one hour after collection of 
semen. Semen color, pH, liquefaction, consistency, agglutination, 

semen volume, sperm count, motility, vitality and sperm 
morphology were analyzed [12]. 

Sperm functional test

The hypo-osmotic swelling (HOS) test measures, sperm 
membrane integrity by examining its ability to swell when 
exposed to hypo-osmotic media, undamaged sperm tail 
membrane permits passage of fluid into the cytoplasmic space 
causing swelling and the pressure generated leads to curling 
of tail fibers. Damaged cells fail to this property which can be 
observed under a phase contrast microscope. Spermatozoa with 
>60% coiled tail considered healthy spermatozoa or normal 
value of HOS for fertile male, spermatozoa with 50-59% HOS 
considered subfertile and 0-49% spermatozoa with coiled tail 
considered infertile male [13]. For sperm functional tests, i.e., 
HOS and AIT were recorded using the validated test kits obtained 
from the National Institute of Health & Family Welfare (NIHFW), 
New Delhi. For HOS test, 50µL semen sample and 500µL HOS 
solution was added and mixed gently at room temperature for 
5min. After the addition of 50µL stop solution, observation was 
made under light microscope after placing a drop of mixture on 
a clean glass slide. 

The acrosome of spermatozoa contains a number of proteases 
which play a crucial role in penetration of spermatozoa through 
outer investments of oocyte. For understanding the status of 
acrosome membrane integrity test was performed. AIT in fertile 
males >50% with >30μm halo diameter, subfertile 40-49% with 
20-29μm halo diameter and in infertile male 0-39% AIT was 
considered. For AI 50µL semen sample, 500µL AI solution was 
added and mixed gently at room temperature for 5min. A smear 
was made smoothly on a gelatin coated slide. The slide was 
placed at 50 °C in a moist chamber and incubated for a period 
of 30min. The slide was air dried and observed under a light 
microscope [13]. 

Genomic integrity evaluation

After liquefaction sperms were separated by swim up 
technique [14] and the sperm concentration at 20×106/mL was 
adjusted. A medium thick smear was prepared on cleaned glass 
slide and being air dried, fixed in Carnoy’s fixative, stained in 
0.1% acridine orange in citrate phosphate buffer (pH 7.4) and 
then washed in double distilled water. Slides were observed 
for normal sperm heads (green in color) and disrupted sperms 
heads (red or orange in colour) under a fluorescent microscope 
using 490nm excitation filter and 530nm barrier filter and per 
cent DNA damage was calculated [15].

Statistical analysis

Values are represented as mean ± standard deviation 
(SD). One-way analysis of variance (ANOVA) was employed 
for statistical comparison. The difference between means was 
analyzed by Holm-Sidak multiple comparison test to detect 
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the inter-group difference by using the statistical software 
SPSS version 11.5 (SPSS Inc., Chicago, IL, USA). The P value less 
than 0.05 was considered as significant. Relationship between 
two variables was determined by Karl Pearson’s coefficient of 
correlation.

Results

Semen colour, pH, liquefaction, consistency, agglutination 
and semen volume was insignificantly different in all infertile 
subjects. Asthenozoospermic condition shows decreased 
mean sperm vitality than the other conditions. Table 1 shows 

the sperm functional parameters and per cent DNA damage 
in different infertile conditions. The HOS and AIT shows 
decreased mean value for all infertile conditions, compared 
with normozoospermic condition. Though, in teratozoospermic 
(p<0.05) and asthenoteratozoospermic (p<0.01) conditions HOS 
and AI decreased significantly as compared to normozoospermic 
condition Asthenoteratozoospermic condition showed the 
highest per cent DNA damage as comparison to other infertile 
conditions. Figures 1 & 2 show HOS and acrosomal intactness 
status in different infertile conditions.

Table 1: Sperm functional parameters and per cent DNA damage in different infertile conditions.

Condition n= (%) HOS (%) AIT (%) DNA damage (%)

Normozoospermic 57(39) 66.96±1.69 58.88±2.68 34.77±0.19

Oligozoospermic 15(10) 45.72±7.05 47.04±3.36 33.84±2.57

Asthenozoospermic 45(31) 43.37±3.30 44.28±3.32 32.94±1.64

Teratozoospermic 30(20) 38.46±4.40* 42.13±4.02* 38.40±2.12

Asthenoteratozoospermic 18(12) 30.64±3.30* 31.19±3.52* 30.92±2.80*

All values are expressed as mean ± SD; HOS: Hypo-osmotc swelling test, AIT: Acrosome Intactness Test, Significant *P<0.05

Figure 1: Response of hypo-osmotic swelling score in different 
infertile conditions. (Spermatozoa having coiled tail will show 
membrane intactness and uncoiled shows damaged membrane) 

Figure 2: Response of acrosomal enzyme intactness and 
reaction in different infertile conditions. (Spermatozoa having 
intact acrosome will show a halo, which indicates the acrosome 
reaction, and acrosome intactness)

A significant and inverse correlation (r=-0.04, p<0.05) 
was observed between per cent DNA damage and HOS score. 
However, acrosomal intactness test insignificantly inversely 

(r=-0.4, p>0.05) correlated with DNA damage of spermatozoa 
(Figures 3 & 4). The sperm motility shows a non significant 
inverse (r =-0.02, p>0.05) correlation with per cent DNA damage 
of spermatozoa (Figure 5). Sperm motility showed a positive and 
non significant correlation (r= 0.17, p= 0.41) with HOS scores.

Figure 3: The relationship between hypo-osmotic swelling 
score (%) and sperm DNA damage (%). Individual data points 
are shown and relationship between variables indicated by 
linear regression lines. Note a significant and inverse correlation 
between HOS and DNA damage. 
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Figure 4: The relationship between acrosomal intactness test 
(AIT %) and sperm DNA damage (%). Individual data points are 
shown and relationship between variables indicated by linear 
regression lines. Note a nonsignificant negative correlation 
between AIT and DNA damage. 

Figure 5: The relationship between sperm motility (%) and DNA 
damage (%). Individual data points are shown and relationship 
between variables indicated by linear regression lines. Note a 
significant and inverse correlation in sperm motility and DNA 
damage.

Discussion

The HOS test can be considered an easy, inexpensive, 
and reliable test for predicting male fertility potential and for 
identifying among subfertile men those who have a greater 
possibility of conceiving. In complete asthenozoospermic 
condition, ahead of ICSI sperm functional parameters are 
more handy as less time consuming and low cost process to 

discriminating viable and nonviable spermatozoa [16]. When 
the condition of severe asthenozoospermia and complete 
absence of motility, HOS is the only clinical test and also way 
to find metabolically live spermatozoa for further assisted 
reproductive treatments [17]. In the present study, a positive 
and insignificant correlation (r=0.17, p=0.41) was observed 
between HOS and sperm motility in accordance with the study 
of Fuse et al. [17]. These findings are supported by the fact that 
sperm motility depends partly on the transport of compounds 
across the membrane and consequently would be related to 
the structural and functional integrity of the membrane. In 
mammalian spermatozoa high amount of hydrolytic enzyme 
acrosin is present in acrosome which is very essential for gamete 
fusion, penetration of zona pellucida and for cervical mucus 
penetration [18]. In our investigation we found a significantly less 
AI in all infertile conditions as compared to normozoospermic 
condition, our results are in agreement with the study carried 
out by Emokpae and Uadia [19]. Though, in our investigation 
we found a significant decrement in HOS and AI activity in 
teratozoospermic and asthenoteratozoospermic conditions as 
compared to normozoospermic condition. Sreenivasa et al. [20] 
also reported a reduced AI in infertile males as compared to 
fertile males. Most of the abnormalities in the acrosomal region 
and mitochondrial sheath are associated with reduced sperm 
motility and fertility [21]. 

With the advancement in infertility management techniques, 
i.e., assisted reproductive techniques (ARTs) and ICSI, sperm DNA 
integrity assessment in addition to routine sperm parameters 
(sperm count, motility, vitality and morphology) has become 
essential because these techniques bypass several natural 
selection barriers that are present throughout the male and female 
reproductive tracts and until the sperm enters the oocyte [22]. 
Investigations have also shown that if any disorders occur results 
into failure of ICSI and intrauterine insemination (IUI). These 
disorders are also one of the main causes of defective offspring 
[23]. In the present study, a significant inverse correlation 
was observed between per cent DNA damage and HOS score. 
However, AIT score shows a nonsignificant inverse correlation 
with DNA damage of spermatozoa. Ramos and Wetzels [24] had 
also provided evidences for the importance of sperm motility 
as a marker for identification of intact DNA in spermatozoa. 
Sperm motility depends largely on the mitochondrial volume 
within the mid piece and factor affecting mitochondrial energy 
production could be responsible for reduction in sperm motility 
[25]. The DNA damage can be measured directly (fragmentation 
and oxidation) or indirectly (sperm chromatin compaction). 
Direct assessment of DNA damage can be obtained by means 
of single stranded gel electrophoresis assay or “COMET” assay 
and terminal deoxynucleiotidyl transferase-mediated dUTP-nick 
end labeling or “TUNEL” assay. DNA damage can be assessed 
indirectly by means of sperm chromatin integrity assay by 
acridine orange [14,26-28] and nuclear protein level include slide 
based sperm nuclear protein stain, viz., aniline blue or toluidine 
blue (detects histones), CMA3 (detects under protamination) 
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[26,27] and DNA. The sperm chromatin structure assay uses 
flow cytometry to estimate the percentage of spermatozoa with 
DNA denaturation [29].

 The idea to test sperm chromatin with acridine orange 
after DNA denaturation occurred in the 1960s [30-32]. Acridine 
orange staining of mammalian spermatozoa has been used to 
probe the chromatin structure of the sperm nucleus in relation 
to the sperm fertility. Acridine orange intercalates into double-
stranded DNA as a monomer, whereas it binds to single stranded 
DNA as an aggregate. Upon excitation at 470nm to 490nm, the 
monomeric acridine orange bound to double-stranded DNA 
and fluorescence green, with an emission maximum at 530nm. 
The aggregated acridine orange on single-stranded DNA, 
fluorescence red, with an emission at about 640nm [33,34]. 
The deletion with acridine orange staining differentiates the 
spermatozoa of fertile males to that of subfertile males [29]. 
The nuclei of most spermatozoa from fertile males exhibited 
green fluorescence before and after heat denaturation, whereas 
those from subfertile males showed green fluorescence before 
heating, but red fluorescence after heat denaturation. This was 
interpreted that DNA of infertile spermatozoa is more sensitive to 
heat-induced denaturation than the DNA of fertile spermatozoa 
[29]. Acridine orange staining of spermatozoa after acid alcohol 
treatment has also revealed differences between fertile and 
infertile men [14]. In the present study, DNA damage was 
insignificantly and negatively correlated to sperm motility which 
is in agreement with the studies conducted by Sheikh et al. [35]. 
The study of sperm DNA characteristics had a great significance 
because it gives us a clear view of the variation among sperm 
DNA of different categories of human semen.

Conclusion 

The sperm functional tests are objective markers of sperm 
DNA damage. Thus, DNA integrity assessment with HOS and AIT 
test have a pivotal diagnostic and prognostic role in infertile 
men. Incorporating sperm functional tests mainly HOS and AIT 
into the routine andrology workup will have an important step 
for diagnosis of male infertility. 
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