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Abstract

Background: Male infertility rate has increased over the recent years across the globe. Intracytoplasmic sperm injection (ICSI) is
mainly used to treat male infertility; however, in this method, sperm selection plays a critical role in improving ICSI outcome.
Objectives: The aim of this study was to evaluate the efficiency of three sperm selection techniques on ICSI outcomes in oligoas-
thenozoospermic men.
Methods: This randomized clinical trial study was performed on 80 oligoasthenozoospermic (OAS) couples receiving ICSI in Milad
Infertility Center, Mashhad, Iran from October 2016 to June 2017. The couples were randomly assigned to the three groups of control,
hypo-osmotic swelling test (HOST) and hyaluronic acid (HA) according to the sperm selection technique for ICSI. Fertilization rate,
embryo development (ED), embryo quality (EQ) and implantation rate (IR) were evaluated and compared among the groups.
Results: Our results showed that there was no significant difference in fertilization rate between the studied groups. ED rate was
increased in the HOST and HA groups compared to the control group, but this difference was not significant. EQ was increased in
the HOST (P = 0.001) and HA groups (P = 0.001) compared to the control group. IR was enhanced in the HA group in comparison with
the control group (P = 0.021), but there was no significant difference between the HOST and HA groups.
Conclusions: The results of this study showed that for achieving successful clinical outcomes and improved embryo quality and im-
plantation rate in oligoasthenozoospermic males undergoing Intracytoplasmic sperm injection, effective sperm selection through
either the HOST or HA technique is necessary.

Keywords: DNA Fragmentation, Fertilization, Injection, Intracytoplasmic, Male Infertility, Oligoasthenozoospermic, Selection,
Sperm

1. Background

According to statistical reports, infertility occurs in
15% to 30% of couples, 20% to 30% of which are due to
male factors (1). Various factors such as inadequate sperm
count, semen deficiency, anatomical problems, hormonal
imbalances, genetic defects, and sperm DNA fragmenta-
tion (SDF) may contribute to male infertility (2).

Today, assisted reproductive techniques (ARTs) are ap-
plied as a treatment, and in vitro fertilization (IVF) is a
strategy used worldwide to help and treat infertile cou-
ples (3, 4). However, studies have shown an increase in ad-
verse pregnancy outcomes and congenital malformations

in ART infants (5).

Intracytoplasmic sperm injection (ICSI) has been the
most popular approach to solve male infertility problems.
However, the selection of high-quality sperms plays a criti-
cal role in ICSI outcome (6). According to previous studies,
sperm fertilization with damaged DNA causes mutations
in the fetus and increases the risk of cancer in the offspring.
In fact, DNA damage is related to male infertility and it has
a negative impact on sperm fertilizing capacity (7).

In addition, sperm with damaged DNA in IVF leads
to incomplete embryonic development or the transfer of
genetic defects to the offspring (8). Therefore, precise
measurement of the percentage of DNA damage is impor-
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tant for ARTs (9). The available methods should be facili-
tated for normal sperm selection to overcome IVF failures
(10). Novel methods have been proposed such as using
negatively-charged sperm (11) and diagnostic markers at
the level of sperm membrane. Also, hyaluronic acid (HA)
binding-mediated sperm selection method has been pro-
posed for this purpose. The HA-binding ability of sperm
depends on sperm receptors on the zona pellucida (12). In
this regard, studies have shown a significant decrease in
the SDF using HA binding for sperm selection. The applica-
tion of this method might decrease genetic complications
and improve general health after ICSI (13).

Another method for sperm selection based on func-
tional assessments in infertile men is the hypo-osmotic
swelling test (HOST). Disclosure of sperm to hypo-osmotic
conditions leads the influx of water into the cytoplasm,
thereby expanding sperm membrane. This results in the
opening of the calcium channels and influx of calcium into
sperm cytoplasm, leading to acrosome reaction (14). As
a result of this expansion in sperm membrane, different
tail swelling patterns are induced, based on which sperms
are classified as grade A to grade G. In terms of healthy
DNA, grade-d sperms have the highest quality and there-
fore, they can be used for insemination, whereas grade-g
sperms have the lowest quality and therefore, their insem-
ination must be avoided. Expanding of sperm volume in-
dicates different grades of sperm membrane integrity and
functionality and DNA integrity (15, 16). Rouen et al. also
using flagella classes in HOST identified a specific type of
sperm with a balanced genome (genetic content) (17).

2. Objectives

Although the selection of live healthy sperms is possi-
ble through the HOST grading method (18), the use of this
method is still under discussion. With this background
in mind, this study was designed to compare ICSI out-
comes with those of conventional, HOST and HA meth-
ods of sperm selection in oligoasthenozoospermic men.
In other words, this study was performed to determine
whether the HOST method is as useful as the HA technique.

3. Methods

This parallel clinical trial was carried out to evaluate
the effects of three sperm selection techniques on ICSI out-
comes in oligoasthenozoospermic men. We included 80
infertile couples referred to Milad Infertility Center, Mash-
had University of Medical Sciences, Mashhad, Iran from Oc-
tober 2016 to June 2017 due to male factor. The sample size

was calculated using the appropriate statistical test and ac-
cording to the project budget (19). The couples were al-
located to three groups according to the table of random
numbers.

The inclusion criteria for the couples were as follows:
(1) infertile (oligoasthenozoospermic) men receiving ICSI
for the first or second time and having a history of infer-
tility for 2 to 10 years, (2) sperm count between 5 × 106/mL
and 14 × 106/mL in natural ejaculation, (3) sperm motility
rate below 30% and normal morphology more than 30%,
(4) infertile men aged below 40 years, and (5) females aged
between 20 and 37 years without any infertility problems
and with 6 to 7 oocytes. The oocytes had the same condi-
tion, and they were at the MII stage of maturation (at this
stage, the corona and cumulus layers are well expanded,
zona pellucida is distinct, ooplasm is clear, and the first po-
lar body is visualized).

The exclusion criteria were as follows: (1) females aged
less than 20 years or older than 38 years; (2) the number
of oocytes less than 6 and more than 7; (3) women with
oocytes in different conditions; (4) ovarian problems or en-
dometriosis; (5) males aged less than 20 years or more than
40 years; (6) sperm count less than 5 × 106/mL and more
than 14× 106/mL; and (7) sperm motility rate of more than
30% with any abnormalities such as leukocytospermia.

3.1. Studied Groups

The couples were randomly divided into three groups
using the simple random sampling method (the table of
random numbers) as follows: 1- control group (n = 28), 2-
HOST group (n = 28) and (3) HA group (n = 24). The group-
ing was based on the sperm selection method for ICSI (Fig-
ure 1).

For the control group, sperm selection was performed
on the basis of motility and morphology (routine method),
for the HOST group, it was done on the basis of the HOST
pattern, and for the HA group, it was on the basis of the
binding of HA by using the PICSI (Origio) dishes.

3.2. Oocyte Collection

Ovulation induction protocols were carried out ac-
cording to a previous study (20). Follicles 18 mm in diam-
eter were collected by a transvaginal needle guided by ul-
trasound and were sent to a laboratory for ICSI.

3.3. Semen Analysis

For insemination, concurrent with oocyte collection,
semen samples were obtained through masturbation after
three to four days of sexual avoidance. Sperm counting was
performed using the Neubauer chamber. For sperm mor-
phology assessment, semen smear was prepared and slides
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Figure 1. Flow chart of participant patients

were stained by using the Papanicolaou technique. Then,
the samples were analyzed based on the World Health Or-
ganization (WHO) criteria (21). After analyzing the semen
samples of infertile men with regards to the factors listed
in our research, each sample was divided into two aliquots:
One aliquot of the semen sample was treated via the rou-
tine sperm preparation technique for ICSI and another was
applied for the assessment of DNA fragmentation by SCD
test.

3.4. Density Gradient Centrifugation (Sperm Preparation)

For density gradient centrifugation, the 80/40 gradi-
ents (PureCeptionTM Sperm Washing Medium, SAGE Media,
USA) were prepared in a 14 mL tube. Then, 2 mL of semen

was added and centrifugation was performed for 20 min-
utes at 200 g. The supernatant was discarded, and the pel-
let was kept undisturbed. The pellet was washed (200 g, 7
min) in 1 mL of the sperm preparation medium. The super-
natant was again removed and the last pellet was coated
with 0.5 mL of the sperm preparation medium. Afterward,
the sample was incubated at 37ºC for 30 minutes. Then, the
upper layer was separated and used for ICSI (22).

3.5. Intracytoplasmic Sperm Injection

After retrieval, oocytes decumulation was carried out
by using Hyase (Origio) and gentle pipetting. Then, the MII
oocytes with the same condition were collected from each
case to be inseminated with the sperm.
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In the control group, after preparation, sperms were
placed into polyvinylpyrrolidone (PVP) (Origio) for ICSI on
the basis of morphology and motility. In the HOST group,
sperms were put into a hypo-osmotic medium for 5 min at
37ºC, and sperm selection was performed on the basis of
the HOST pattern and according to the grading of HOST,
through which the best sperm (grades d and e) was se-
lected for insemination (18).

In the method of sperm binding to HA, PICSI® (Ori-
gio) was used according to the manufacturer’s instruc-
tions that were as follows. First, 10µL of the semen prepara-
tion medium was added to an HA drop on the PICSI® dish,
which was then rehydrated for 5 to 10 min. Thereafter, the
diluted sperm suspension was added and motile sperms
and those connected to the drop were selected for oocyte
insemination under an inverted microscope (10).

3.6. Evaluation of Sperm DNA Fragmentation

SDF assay kit (Avicenna) was utilized for the evaluation
of DNA fragmentation according to the kit’s protocol. Fi-
nally, 300 sperms were assessed manually on slides for the
size of halo and dispersion pattern as characterized by Fer-
nandez et al. The test results were categorized into nu-
clei with large, medium and small size halos and no ha-
los (23). On the basis of the size of the halo around the
head of the sperm, the SDF was determined. The nuclei
with large- to medium-sized halos denoted a sperm with
non-fragmented DNA, and nuclei with small-sized and zero
halos were expressed as sperms with fragmented DNA. On
the basis of the rate of SDF, DNA fragmentation was divided
into three levels: 1-with less than 15% damage (good level),
2-between 15% and 30% damage (medium level) and 3-more
than 30% damage (abnormal level) (Figure 2).

3.7. Assessment of Fertilization, Embryo Quality, and Embryo
Development

Fertilization was evaluated based on the number of
survived MII oocytes 16 to 20 hours after insemination by
observing two pronuclei. Embryo development rate (EDR)
was calculated according to the hypothesis of the normal
growth of embryo at the 2-cell stage, 4-cell stage and 8-cell
stage at 33.6, 45.5 and 56.4 hours after fertilization, respec-
tively (8).

The quality of embryos was evaluated, and they were
expressed as the two-cell, four-cell and eight-cell embryos.
Embryo quality was evaluated by the Society for Assisted
Reproduction Technology (SART) scoring system accord-
ing to the symmetry of blastomere size and the quality and
rate of cytoplasm fragments (24). On the third day after fer-
tilization, three embryos were transferred to the mother’s
uterus. The implantation rate (IR) was determined on the

basis of the observation of the gestational sac using ultra-
sound and human chorionic gonadotropin tests after 4 - 5
weeks (25).

3.8. Statistical Analysis

For data gathering, we used Intention-to-treat anal-
ysis, and for data analysis, one-way analysis of variance
(ANOVA) for parametric variables and Kruskal-Wallis test
for nonparametric variables were used. In addition, the
Kolmogorov-Smirnov test was run for the assessment of
the normal distribution of the data using SPSS Statistics
for Windows, version 16.0 (SPSS Inc., Chicago, Ill., USA). A P
value less than 0.05 was considered significant.

4. Results

With regards to the exclusion and inclusion criteria, 10
couples were excluded and 80 couples were included. The
semen analysis reports and clinical characteristics of the
80 couples who were divided into the control, HOST and
HA groups are shown in Table 1.

In this study, SDF was assessed by using the SCD test. Ac-
cording to the results, in 27 (33.7%) cases SDF was 15% to 30%
and in 53 (66.3%) cases SDF was more than 30%. These cases
were distributed in all the studied groups as follows; in the
control group, in 37% of the cases, SDF was 15% to 30%, and
in remaining 63% was more than 30%. In the HOST group, in
33.4% of the cases, SDF was 15% to 30%, and in the others was
more than 30%. In the HA group, in 29.6% of the cases, SDF
was 15% to 30%, while, it was more than 30% in the others.
Therefore, no significant differences were observed among
the studied groups in SDF, which was relatively equal in all
the three groups (P = 0.959; Table 2).

Fertilization rate was evaluated according to the num-
ber of oocytes. Out of the 177, 81 and 149 oocytes in the con-
trol, HOST and HA groups, 142 (80%), 65(78%) and 114 (76%)
oocytes were fertilized, respectively. The fertilization rate
was higher in the control group in comparison with the
other groups. However, this difference was not significant
(P = 0.274; Table 2).

Embryo development was evaluated based on the
cleavage stage and blastomere number on the third day af-
ter fertilization. The results indicated that the rate of the
four-cell stage of embryonic development in the control
group was 40%, the rate of the four-cell stage in the HOST
group was 35% and the rate of the four-cell stage in the HA
group was 33%. Moreover, the rates of the eight-cell stage of
embryonic development in all the three groups were 64%,
67% and 67% in the control, HOST and HA groups, respec-
tively. According to the results, the ED rates in the HOST
and HA groups were higher than that in the control group.
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Figure 2. Sperm Chromatin Dispersion test. A, nucleus with a large-sized halo; B, nucleus with a medium-sized halo; C, nucleus with a small-sized halo; and D, nucleus without
a halo (Diff-Quik)

Table 1. Semen Analysis and Clinical Characteristics of Couples Who Were Included in the Control, HOST and HA groups

Parameter Control Mean ± SD HOST Mean ± SD Hyaluronic Mean ± SD

Sperm concentration × 106 10 - 14 12.51 ± 1.64 7 - 14 11.33 ± 2.23 5 - 14 10.92 ± 2.76

Sperm motility, % 15 - 22 18.71 ± 2.30 15 - 25 19.46 ± 3.14 15 - 28 20.87 ± 3.72

Normal morphology, % 17 - 42 27.25 ± 8.69 16 - 40 29.57 ± 7.65 14 - 38 25.04 ± 7.33

Female age, y 25 - 35 30.14 ± 3.01 27 - 37 30.53 ± 3.50 20 - 36 29.76 ± 3.95

Male age, y 30 - 40 35.37 ± 3.07 28 - 38 32.46 ± 3.14 25 - 39 31.00 ± 4.08

Duration of infertility, y 2 - 10 5.85 ± 2.69 5 - 7 7.35 ± 1.70 3 - 8 5.41 ± 1.71

Abbreviations: HA, hyaluronic acid; HOST, hypo-osmotic swelling test.

However, the difference between the groups was not signif-
icant (P = 0.082; Table 2).

In terms of the quality of four-cell embryos, in the con-
trol, HOST and HA groups, 56%, 62% and 60% were good
grade embryos. These results showed an insignificant dif-
ference between the groups with respect to the qualities of
four-cell embryos (P = 0.645; Table 2).

With regards to the qualities of the eight-cell embryos,
54%, 83% and 66% in the control, HOST and HA groups
were good grade embryos. These results showed a signif-

icant difference between the groups in terms of the good
grade of the eight-cell embryos (P = 0.001; Table 2). With re-
spect to the parameter of the good grade of eight-cell em-
bryos, the control group compared to the HOST group (P
= 0.001), the HOST group versus the HA group (P = 0.029)
and the control group versus the HA group (P = 0.044) were
significantly different. In the parameter of the fair grade
of the eight-cell embryo quality, the control group versus
the HOST group (P = 0.002), the HOST group versus the
HA group (P = 0.032) and the control group versus the HA
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Table 2. The Comparison Between the Sperm DNA Fragmentation (SDF) Rate, Fertilization Rate, Early Embryo Development, Embryo Quality, and the Implantation Rate in the
Studied Groups

Parameters Control Group HOST Group HA Group P Value

Fertilization rate 0.80 ± 0.108 0.78 ± 0.160 0.76 ± 0.131 0.274

ED of four-cell on day 3 0.40 ± 0.102 0.35 ± 0.201 0.33 ± 0.114 0.098

ED of eight-cell day 3 0.64 ± 0.113 0.67 ± 0.229 0.67 ± 0.114 0.082

EQ of four-cell (good grade) 0.56 ± 0.219 0.62 ± 0.498 0.60 ± 0.364 0.645

EQ of four-cell (fair grade) 0.44 ± 0.219 0.38 ± 0.498 0.40 ± 0.364 0.645

EQ of eight-cell (good grade) 0.54 ± 0.228 0.83 ± 0.389 0.66 ± 0.181 0.001a

EQ of eight-cell (fair grade) 0.46 ± 0.228 0.21 ± 0.312 0.34 ± 0.181 0.002b

Sperm DNA fragmentation (SDF) rate between 15% and 30% 0.357 ± 0.488 0.33 ± 0.480 0.32 ± 0.476 0.959

SDF rate more than 30% 0.64 ± 0.488 0.66 ± 0.480 0.68 ± 0.476 0.959

Implantation rate 0.21 ± 0.418 0.32 ± 0.487 0.35 ± 0.510 0.021a

Abbreviations: ED, embryo development; EQ, embryo quality.
a P < 0.05.
b P < 0.01.

group (P = 0.044) were significantly different (Table 2).
Our results related to the IR revealed that in the control

group the IR was 21%, in the HOST group it was 32%, and in
the HA group IR was 35%. The IR was dramatically less in the
control group in comparison with the HA group (P = 0.021;
Table 2). However, no significant difference was noted be-
tween the HOST and HA groups.

5. Discussion

In general, an increase in the incidence of male infer-
tility has been observed, and many factors are involved in
this condition, including exposure to chemicals and haz-
ardous environmental factors such as overheating, water
and air pollution and stress (26). These conditions lead to
an increased production of reactive oxygen species, which
in turn lead to sperm DNA damage. DNA contains genetic
information and serves a role in gene replication and tran-
scription, which eventually results in reproduction and
growth (27).

DNA fragmentation is one of the important causes of
male infertility (28). Also, it has been demonstrated that
the level of SDF could affect pregnancy success rate (29,
30). Technological advancements have provided a solution
for male infertility through the administration of ICSI (31).
However, the major drawback of this method is the process
of sperm selection. Because of this, the use of ICSI would re-
main controversial until the discovery of a proper and safe
method, which would be similar to the natural sperm se-
lection process.

Nevertheless, it has been reported that annually more
than 30,000 ICSIs have been conducted in the United

States, and this method is used in about 70% of IVF cases
in some infertility centers in order to increase the fertility
rate (32). Concerns regarding sperm selection are due to
the increased risk of aneuploidy, sperm apoptosis, and SDF
(8). Therefore, the aim of sperm selection for assisted re-
production is to select natural and healthy sperm, which
can facilitate the process of fertilization and lead to im-
proved clinical outcomes.

In our study, the evaluation of SDF levels revealed that
DNA damage was high in males with oligoasthenozoosper-
mia, which is in line with the previous studies that have
demonstrated that infertile men have high levels of DNA
damage (6).

Due to the fact that sperm with normal morphology
and motility can also have DNA fragmentation (33), it is
possible for sperms with fragmented DNA to be fertil-
ized, especially in oligoasthenozoospermic men. Thus, the
results of the ICSI technique in oligoasthenozoospermic
men depend on sperm quality and could effectively influ-
ence fertilization success, embryo quality, embryo devel-
opment, and IR.

As indicated in the results of our study, no difference
was seen between the studied groups in fertilization re-
sults caused by the ICSI method despite the high level of
SDF. However, the results obtained by Pregl Breznik et al.
revealed that the level of fragmented DNA could affect the
fertilization rate in the IVF method (20).

Literature shows contradictory findings of the rela-
tionship between the level of SDF and fertilization after
ICSI. A previous study showed a negative relationship be-
tween the high level of SDF and fertilization after ICSI (34),
whereas other studies did not show any effect on fertil-
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ization rate after ICSI, but they showed a negative effect
on embryo quality and pregnancy rate (35). These results
could be due to the fact that in the ICSI method, the nat-
ural process of fertilization is eliminated and the sperms
are injected into the oocyte despite having chromosomal
defects, low motility, weak zona pellucida binding, and in-
complete acrosome reaction (36). The results might be
due to treat the damaged DNA during fertilization by the
oocyte. The oocyte despite having the ability to improve
DNA damage, but it depends on the content of the SDF that
might involve one or both DNA chains. Although one dam-
aged DNA chain could be repaired during fertilization by
the oocyte, fertilization and the natural development of
the embryo are difficult in cases where two DNA chains are
damaged (27). Therefore, the reason for the high fertiliza-
tion rate in the studied groups, especially in the control
group, may be justified here.

In addition, the control group had lower level of em-
bryo quality and development compared with the other
groups. This difference might be due to the fact that in
the early stages of development, the paternal genome is
activated after the four-cell stage, which was formerly con-
trolled by the mRNA inherited from the maternal genome
(37, 38). Therefore, SDF might have an impact on blas-
tocyst development after the activation of the paternal
genome. Consequently, the difference could be observed
at this stage, and our results are in congruence with this
theory. Previous studies have suggested that to obtain bet-
ter results, sperm selection should be carried out based on
sperm performance and not with respect to morphology
and motility (39). In so doing, the chance of embryo qual-
ity and development is increased.

Recently, it was found that sperm membrane integrity
dysfunction can be identified by the HOST test, and the in-
tegrity of sperm membrane may reflect the degree of DNA
integration (40). Research results showed a relationship
between DNA integrity and different degrees of sperm tail
curvature due to exposure to the hypo-osmotic condition
(15, 16). In this method, according to evaluations, grade D
and E sperms were associated with minimal DNA damage
and protamine deficiency, and grade g sperm was related
to a higher frequency of sperm abnormalities and DNA
damage. The sperm selection with healthy DNA based on
HOST grading is feasible and suggested to use this proce-
dure for improving ICSI outcome. Also, it is useful for iden-
tifying viable and healthy sperms in cases where sperms
are completely inactive such as Kartagener’s syndrome for
ICSI (39).

Our results are in agreement with the above-
mentioned findings and showed that the HOST method
could be more effective compared to the HA method in the
selection of healthy sperm and improving the outcomes

of ICSI. In addition, the HOST method is an easy, fast, and
inexpensive approach for use in assisted reproduction
technology laboratory.

Furthermore, the results of our previous study, where
sperm selection with the conventional method was per-
formed, showed that ICSI outcomes in oligoastheno-
zoospermic men who had SDF between 15% and 30% were
better in comparison with the oligoasthenozoospermic
men with an SDF more than 30%. In this study also we noted
that better ICSI outcomes can be derived from an appropri-
ate method of sperm selection in oligoasthenozoospermic
men.

A dramatic increase in the IR was seen in the HA and
HOST groups in this study, which confirmed the positive
impact of selection of healthy sperm on IR after ICSI. Con-
sistent with the literature, our findings indicated that
oocyte fertilization with sperm containing damaged DNA
might increase the risk of pregnancy failure (20). In sum,
the HOST method is as beneficial as the HA binding tech-
nique in oligoasthenozoospermic men in terms of increas-
ing the IR.

5.1. Conclusions

In oligoasthenozoospermic men who underwent ICSI,
sperm selection through the HOST and HA techniques led
to improved results compared with the routine method, in
which sperm is selected on basis of its motility and mor-
phology. The comparison of embryo quality and develop-
ment between the HOST and HA groups yielded similar re-
sults. However, a slight increase was observed in the HOST
group despite the fact that the HOST method was less costly
and more easily available and efficient compared with the
HA method. Therefore, the HOST method is recommended
for further investigation and use for sperm selection in the
ICSI technique for oligoasthenozoospermic men.
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