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Background: The present study evaluated the fertilization outcomes by intra-cytoplasmic sperm 
injection (ICSI) technique with oligoasthenozoospermic (OAZ) compared to normozoospermic 
(NZ) semen.
Purpose: To find the fertilizing capability of human sperm in oligoasthenozoospermic and 
normozoospermic semen samples.
Methods: Fresh semen ejaculates belonging to NZ and OAZ groups (n=50 in each group) patients 
attending the infertility clinics were evaluated for semen volume, sperm motility, and sperm 
concentration. Fertilization rates with ICSI along with post-capacitation motility and concentration 
were studied in both groups. 
Results: The motility and concentration in fresh semen samples patients of the NZ group 
(32.44±1.50%, 71.96±6.45 M/ml, respectively) were significantly (P<0.05) higher compared to 
the OAZ group (26.76±1.38, 10.31±0.48 M/ml, respectively). However, the results of our study 
revealed similar fertilization rates in-vitro by ICSI in the NZ (98%) and OAZ (98%) groups. 
Conclusion: The in-vitro processing by the ICSI technique is an effective approach to achieving 
good fertilization rates in sub-fertile males.
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1. Introduction
Infertility is a condition in which a female is unable to 
conceive despite having unprotected timed sexual intercourse 
with her male partner for one year. Infertility has been 
recognized as a public health issue worldwide by the World 
Health Organization (Zegers-Hochschild et al., 2009). One 
in seven couples is affected by infertility in urban India and 
approximately 13-19 million couples were expected to be 
infertile at a given point in time (Unisa, 2010). The causative 
factors related to male (male factor) are one of the major 
reasons for infertility in India and accounts for approximately 
40-50% of total infertility problems (Kumar et al., 2015). 
Although, the male factor in infertility cases is common, but 
yet it is poorly understood. Despite many defined causes, 
50% of male infertility cases remain idiopathic, and low 
sperm concentration and or poor/abnormal sperm motility 
(oligoasthenozoospermia) remains the single most important 
etiology of male infertility (Jequier, 2004).

Infertility treatment of oligoasthenozoospermic patients 
mostly relies on the utilization of assisted reproductive 
technologies viz in-vitro fertilization (IVF) or intra-cytoplasmic 

sperm injection (ICSI) techniques. The application of ICSI in 
assisted reproduction has opened new avenues for the treatment 
of previously untreatable cases of female and male infertility. 
Poor sperm concentration and sperm motility in fresh semen 
ejaculates are the most common reasons for the rejection 
of potential semen donors (Sidhu et al., 1997). However, 
the evaluation of sperm motility is the most important 
microscopic criterion to predict the fertility outcome with 
ICSI for in-vitro processed semen. The in-vitro processes 
involved during ICSI enable oligoasthenozoospermic semen 
to fertilize the oocyte. Hence, improvement in sperm motility 
ensures a better fertilizing capacity of semen. Keeping the 
above facts in view, the present study evaluated the effects of 
differential seminal variables in capacitated and uncapacitated 
semen of oligoasthenozoospermic males on the fertilization 
outcomes using ICSI.

2. Methodology
The study was conducted on patients enrolled for infertility 
treatment at various hospitals/clinics in North India during 
the period of June 2017 to April 2020.
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2.1. Study Groups
The fresh semen ejaculates from male patients were collected 
and examined (as per the standard protocol of WHO, 
2010) for seminal parameters viz. volume, motility, and 
concentration. On basis of the results, males with sperm 
concentration of >15 million/ml as well as sperm motility 
>32% (type A+B) of forward progressive (type A) and slow 
progressive (type B) were categorized as normozoospermic 
(NZ group, n=50) whereas those with sperm concentration 
of <15 million/ml and sperm motility of <32% of (type 
A+B) as oligoasthenozoospermic (OAZ group, n=50). 
Then the samples were processed by density gradient and 
swim-up method (Mortimer, 2000) to analyze the sperm 
motility and concentration after capacitation. Later, the 
post-capacitated semen was used for ICSI and fertilization 
rates were evaluated in the two groups.

2.2. Protocol for Down-regulation
The first and foremost procedure was the down-regulation 
of oocyte donors i.e. ovarian stimulation by exogenous 
hormones to increase the number of eggs (follicles) and 
control the time of ovulation (Macklon et al., 2006). Briefly, 
the treatment plan included oral intake of birth control 
pills (Ovral L, ethinylestradiol (0.03mg) + levonorgestrel 
(0.15mg)) for two weeks to prevent the release of hormones 
that could stimulate natural ovulation. Two weeks after 
the start of the pills, GnRH agonist (leuprolide acetate or 
Lupron 0.3 ml/day OD subcutaneously) was given one 
day prior to ovum pick-up (OPU) to stimulate the growth 
of multiple follicles. During the stimulatory treatment, 
ultrasonography was done on alternate days to assess the 
follicular growth till the follicles became ‘ready’ (at least two 
follicles reach 17 mm in size) for trigger (10,000 IU of hCG 
intramuscularly) to final maturation. This allowed the final 
maturation of follicles (18 mm size) and was then aspirated 
within 35-38 hours of the post-hCG administration. 

2.3. Ovum pick-up and Grading of Oocytes
Patients were allowed to lie down in a supine position 
under general anesthesia. Both ovaries were scanned to 
determine the number and size of follicles. Further, the 
cleaning of the vagina and the perineal area was done with 
normal saline. Then, the trans-vaginal probe assembly 
was prepared and the probe was inserted into the vagina, 
scanning was focused over the ovary and then the OPU 
needle was advanced into the follicle along with the 
application of the negative pressure (120 mm to 140 
mm of Hg), and rotation of the needle to aspirate all the 
content. The collapsing of each follicle was observed to 

confirm the complete aspiration. Thereafter, the collection 
line was rinsed with the human tubal fluid medium 
(HTF) to prevent any clogging of the assembly by oocyte 
cumulus complex (OCC) /oocyte (s). The collection tube 
was maintained at 370C and immediately passed through 
the pass box/window for searching the oocyte from the 
follicular fluid. Oocytes of good quality were equilibrated 
for about 2h in a continuous single culture (CSC) medium 
in a CO2 incubator (at 370C, 6% CO2, and 95% relative 
humidity). Meanwhile, during the oocyte equilibration, 
the semen samples were prepared for ICSI procedures.

2.4. Semen Processing
Freshly collected semen ejaculates were evaluated for volume 
and sperm concentration and sperm motility after complete 
liquefaction (using Counting Chamber Makler, WHO, 
2010). Semen samples were prepared for ICSI procedures 
with density gradient and swim-up as described (Agarwal 
et al., 2016). In brief, liquefied semen samples were gently 
laid over density gradient media (in a 15.0 ml conical tube 
sterile) and centrifuged for 12 minutes at 1500 rpm. After 
aspirating the supernatant, the pellet was transferred into a 
new centrifuge tube with 4.0 ml washing media (HTF) and 
then centrifuged again at 1500 rpm for five minutes. The 
supernatant was then discarded to obtain pellets. The pellets 
were overlaid with 0.5 ml of CSC medium and the tubes were 
kept in a CO2 incubator (6%) for 5-10 minutes in a slanting 
position (at 450 angle) for swim-up of motile spermatozoa. 
Then 5.0 µl of each swim-up sample was evaluated for 
sperm concentration and sperm motility by using Counting 
Chamber Makler (Sefi Medical Instruments, Israel) and 
phase contrast microscopy (20x objective) (Makler et al., 
1980; Sukcharoen et al.,1994).

2.5. Denudation of Oocyte for ICSI and Fertilization 
Rates
Denudation of oocytes was undertaken in hyaluronidase 
enzyme (Mahadevan, 2021) using 200 µl pipette tip, 
followed by 170 µm, 140 µm denuding pipettes with 
concentrated hyaluronidase (80 IU/ml) within a time 
span of 40 seconds or with 1:1 diluted hyaluronidase 
(40 IU/ml) within a time span of 80 seconds. Denuded 
oocytes were washed three times in HTF media 
followed by three items of washing with CSC media 
and subsequently transferred into the micro-culture 
dish to maintain 6% CO2 at 370C for equilibration and 
reducing stress. After that ICSI dish was made and <1.0 
µl of swim-up sperm suspension was added in one drop 
of 7% polyvinylpyrrolidone (PVP) and sperm crushing 
was performed by micro-injection needle and selection of 



ISSN No.: 2393-8536 (Print) ISSN No.: 2393-8544 (Online) Registration No. : CHAENG/2014/57978

Ram Dayal, J. Multidiscip. Res. Healthcare Vol. 9, No. 2 (2023) p.53

sperm was done (to check sperm defects). Thereafter the 
ICSI was performed as per the standard protocol (Palermo 
et al., 1995). After 16 to 18 hours of ICSI procedure, 
fertilization was checked under an inverted microscope 
(20 x or 40 x objective), and two polar bodies (in the 
perivitelline space) and twopro-nuclei (in the center of 
cytoplasm and equal distribution of nucleoli, one from 
sperm cell and one from oocyte) as an indicator of the 
fertilization. The chemicals used in this study were from 
Irvine Scientific (FUJIFILM, USA) and plastic wares 
from FALCON® unless otherwise indicated.

2.6. Statistical Analysis
The statistical analyses of the experimental data were carried 
out using IBM SPSS Statistics 24.0 (SPSS Inc., Chicago, 
IL, USA). The semen characteristics (semen volume, sperm 
concentration sperm motility, fertilization rate, etc.) were 
compared between the groups using an independent t-test. 
The semen parameters within each group were compared 
using the paired sample t-test. P-values <0.05 were 
considered to be statistically significant.

3. Results
The study was conducted on pre- and post-capacitated 
semen characteristics and fertilization outcomes of 
oligoasthenozoospermic vs normozoospermic patients (n=50 
each) treated for infertility by ICSI. The present study 
evaluated different semen characteristics viz. volume, motility, 
concentration in fresh ejaculates, and motility and fertilization 
rates in post-capacitation semen samples of two groups 
i.e. normozoospermic (NZ) and oligoasthenozoospermic 
(OAZ) males attending the infertility clinics. The results 
(Mean±SEM) and their comparative analysis in the two 
experimental groups are presented below.

3.1. Fresh Semen Characteristics
Different seminal parameters in fresh semen ejaculates of 
normozoospermic (NZ group) and oligoasthenozoospermic 
(OAZ group) infertile patients are depicted in Table 1. 
The sperm concentration, as well as sperm motility, were 
significantly (P<0.05) higher in the NZ group compared 
to OAZ patients. However, the semen volume was similar 
(P=0.079) among the two groups.

Table 1: Seminal characteristics of fresh semen ejaculates in normozoospermic and oligoasthenozoospermic infertile patients

Semen characteristics 
(Mean±SEM)

Normozoospermic (NZ) Group
(n=50)

Oligoasthenozoosprmic (OAZ) Group
(n=50)

P-value

Semen volume (ml) 2.14±0.16 2.64±0.23 0.079

Sperm concentration 
(millions/ml)

71.96±6.45b 10.31±0.48a 0.001

Sperm motility (%) 32.44±1.50b 26.76±1.38a 0.01

Values with different superscripts (a, b) within a row differ significantly (P<0.05).

3.2. Post-capacitation Semen Characteristics
Evaluation of the in-vitro post-capacitated semen parameters 
of normozoospermic and oligoasthenozoospermic groups are 
presented in Table 2. The sperm motility after capacitation 

was statistically similar among the two groups. However, 
the post-capacitated sperm concentration was significantly 
(P<0.01) greater in patients belonging to the NZ group 
compared to the OAZ group.

Table 2: Seminal characteristics of post-capacitation semen samples of normozoospermic and oligoasthenozoospermic patients

Semen characteristics 
(Mean±SEM)

Normozoospermic (NZ) Group
(n=50)

Oligoasthenozoospermic (OAZ) Group
(n=50)

P-value

Sperm motility (%) 93.00±0.86 90.10±1.15 0.05

Sperm concentration (millions/ml) 66.66±5.32b 21.20±1.38a 0.001

Values with different superscripts (a, b) within a row differ significantly (P<0.05).

3.3. Comparison of Semen Parameters in the Fresh 
and post-capacitation Semen Samples
The comparison of different seminal parameters (sperm 
concentration and motility) in fresh versus post-

capacitation semen samples of normozoospermic and 
oligoasthenozoospermic patients is shown in Table 3. In the 
NZ group, the sperm concentration was similar between 
the fresh and post-capacitation semen samples. However, 
the OAZ group showed that sperm concentration increased 
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significantly (P<0.01) after post-capacitation as compared 
to respective fresh semen samples. In inpatients of both the 
groups i.e. NZ and OAZ; the sperm motility significantly 

increased after capacitation in comparison to the non-
capacitated fresh semen.

Table 3: Seminal parameters in fresh and post-capacitation semen of normozoospermic and oligoasthenozoospermic patients

Semen 
characteristics 
(Mean±SEM) 

Group
(n=50)

Fresh semen Post-capacitation
semen

P-value

Sperm 
concentration 
(millions/ml)

Normozoospermic (NZ) group 71.96±6.45 66.66±5.32 0.287

Oligoasthenozoosprmic (OAZ) group 10.31±0.48a 21.20±1.38b <0.001

Sperm Motility(%) Normozoospermic (NZ) group 32.44±1.50a 93.00±0.86b <0.001

Oligoasthenozoosprmic (OAZ) group 26.76±1.38a 90.10±1.15b <0.001

Values with different superscripts (a, b) within a row differ significantly (P<0.05).

3.4. Fertilization Rates with Post-capacitation 
Semen Samples of Normozoospermic and 
Oligoasthenozoospermic Patients
The fertilization with ICSI using post-capacitated semen 
belonging to the patients of NZ (98±0.009%) and OAZ 
(98±0.005%) groups was similar (P>0.05). 

4. Discussion
The present study evaluated variations in ejaculated volume, 
sperm concentration, and sperm motility in fresh semen 
which were within the expected range as per set standards 
values of WHO (WHO, 2010). The ejaculatory semen 
volume of patients belonging to the OAZ and NZ groups 
were similar whereas the sperm concentration and sperm 
motility were significantly lower in OAZ compared to NZ 
patients. However, the sperm fertilizing capacity of both 
groups during ICSI was similar in terms of fertilization 
rates. Similar variations in ejaculated semen volume, sperm 
concentration, and sperm motility have been reported 
earlier in OAZ (Micic et al., 2019) and NZ (Shekha et al., 
2019) males who underwent infertility treatment. In the 
present study, semen volume in sub-fertile Indian patients 
with oligoasthenozoospermic and normozoospermic 
semen quality constituted 2.64±0.23 and 2.14±0.16 ml, 
respectively. This was close to the volume in sub-fertile 
patients reported in Saudi Arabia (Nadia, 2013) and in Iraq 
(Mamdooh et al., 2020); but lower than previously reported 
in France (Geoffroy-Siraudin et al., 2012) and Brazil (Camila 
et al., 2018). However, the values are greater than only a 
few recently reported studies (Shah et al., 2020). Similarly, 
in India, variations in seminal volume have been reported 
earlier (Mishra et al., 2018), and possible reasons for low 
seminal volume were reviewed (Roberts et al., 2019). The 
ejaculated semen volume in the OAZ group was higher than 

in NZ semen donors, which might be attributed to the more 
watery content in the semen of OAZ patients. Contrarily, 
oligozoospermic patients showed lesser ejaculatory volume 
on different days after abstinence than normozoospermic 
infertile men (Shah et al., 2020). In concurrence with the 
present study (Mishra et al., 2018) observed greater seminal 
volume in infertile males than in fertile Indian males. 

In the present study, the observed significantly lower 
sperm concentration in the OAZ group compared to the 
NZ group patients stands in concurrence with an earlier 
report (Nadia, 2013), which might be due to more watery 
content in oligoasthenozoospermic patients. The values of 
the current study fall within the expected range of WHO 
(WHO, 2010). Normozoospermic patients of the current 
study showed sperm concentration equivalent to the 
baseline density (68.22 M/ml) of Indian men (Adiga et al., 
2008). Contrarily, lower sperm concentrations in males 
treated at infertility clinics in India have also been reported 
(Marimuthu et al., 2003). Such variability might be due to the 
dissimilar composition of the studied populations, mostly to 
the severity of the male factor.The observed sperm motility 
in the present study is comparable with those reported in 
other studies of infertile men with oligozoospermia (26%) 
(Shah et al., 2020) or Ghanaian sub-fertile men (23%) 
(Blay et al., 2020). In another study, about 25% of men 
from infertile couples had motility of about 32% (Shekha 
et al., 2019). Although there is no known critical age limit 
for gamete production in men, evidence suggests that there 
are declines in semen quality (e.g., volume, motility, and 
morphology) and male fertility associated with increasing 
male age (Andolz et al., 1999; Girsh et al, 2008; Dain  
et al., 2011; Zhu et al., 2011). Furthermore, a reduction in 
sperm motility was observed from about 26% to 8.5% over 
a period of time (Geoffroy-Siraudin et al., 2012; Oliveira, 
et al., 2014). Sperm motility was lower than that reported in 
men from different countries like Brazilian sub-fertile men 
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(Nogueira et al., 2018), and ejaculates of Italian (Manna  
et al., 2020) and Indian males (Mukhopadhyay et al., 2010), 
but was similar to the results reported in India (Camila  
et al, 2018). Such differences could be attributed to racial, 
geographical, cultural, environmental, genetic, hormonal, 
nutritional, or lifestyle variations. The high temperature and 
humidity during most of the year in any region is the most 
important cause that affects sperm motility (Nadia, 2013). 

Fertilization rates in the present study were above 
95% in both types of sub-fertile males, without significant 
differences in fertilization rates of the two groups during 
ICSI. The study observed that the positive outcomes of ICSI 
are not dependent on the three basic sperm parameters viz. 
semen volume, sperm motility, and sperm concentration of 
fresh semen ejaculates of sub-fertile males in which these 
characteristics are impaired. For ICSI, sperm with the ability 
to activate the oocyte and form a pronucleus is necessary, 
and rather the other semen parameters are not important 
(Nagy et al., 1998). Similarly, the probability of conception 
of intrauterine insemination is not correlated with the total 
sperm count, concentration, and motility (Findekleet et 
al., 2020). Furthermore, oocyte quality is the only other 
most important factor that has an impact on fertilization 
rate during ICSI. However, variation due to oocyte quality 
could be minimized by the selection of good-quality oocytes 
after denudation before ICSI. In agreement with the present 
study, fertilization rates of oligoasthenozoospermic and 
normozoospermic patients were similar when semen samples 
were processed by density gradient and a swim-up aliquot 
was used for ICSI (Borges et al, 2007). The motility of the 
sub-fertile semen sample was likely increased during the 
process of gradient centrifugation and swim-up (Malvezzi  
et al., 2014), and fertilization rates during assisted 
reproduction (Borges et al., 2013). The observed fertilization 
rates of above 95% in the present study have not been 
reported earlier, rather a little lower rate of about 70% was 
reported during IVF/ICSI (Xie et al, 2013. A fertilization 
rate of 70-80% was usually attained by the ICSI technique 
(Palermo et al., 2009). Our observations are in concurrence 
with earlier reports (Borges et al., 2007) of similar fertilization 
and conception rates in OAZ and NS patients undergoing 
ICSI. Contrarily, oligoasthenozoospermic patients showed 
reduced conception rates during IVF and ICSI (Xie et al., 
2013), and testicular sperm retrieval for ICSI (Testi-ICSI) 
was recommended for improved fertilization rate (Mehta 
et al., 2015). This might be due to higher sperm DNA 
fragmentation (SDF) in oligoasthenozoospermic patients. 
Seminal parameters viz. semen volume, sperm concentration 
and sperm motility varies with age (Maya et al., 2009), 
climatic conditions (Miyamoto, 2012), regions (Adiga  
et  al., 2008), dietary habits (Sanlier et  al., 2018), environment, 
lifestyle (Blay et al., 2020), nature of occupation (Tayawade 

& More, 2018), mobile usage (Agarwal et al., 2011), type 
of clothes wearing (Parazzini et al., 1995; Mínguez-Alarcón  
et  al., 2018), sleep pattern (Jhuang et al., 2021). In conclusion, 
in spite of some variations in the seminal parameters of 
oligoasthenozoospermic and normozoospermic males, the 
fertilization capacity of sperm in terms of fertilization rates 
of the semen of these males was similar during ICSI.

5. Conclusion
The results of this study revealed that the fertilization rate 
for Oligoasthenozoospermic and Normozoospermic semen 
samples was similar. Further, the ICSI is an effective method 
of achieving good fertilization rates in sub fertile males.
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