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Abstract

Purpose It is known that sperm preparation techniques in in vitro fertilisation (IVF) are intended to select the best-quality sperm.
The aim of this study is to compare sperm the density gradient method and microfluidic chip (Fertile Plus) method in infertile
patients by analysing fertilisation rates, pregnancy rates, and sperm morphology and DNA fragmentation rates posed by these
two methods.

Methods Using semen samples obtained from the patients, sperms were prepared with gradient (z = 312) and microfluidic chip
methods (n = 116). Fertilisation and pregnancy rates were compared in the first time and in the recurrent IVF trial patients. In
addition, the morphology and DNA fragmentation comparison of sperm samples were evaluated by Toluidine blue in situ
chemical staining method.

Results There was no statistically significant difference between fertilisation and pregnancy rates when compared with study
groups in first-time IVF treatment patients. However, in recurrent IVF failure patients, there was a significant difference in
fertilisation rates but no statistically significant difference was found in pregnancy rates. The microfluidic chip method signif-
icantly decreased sperm DNA fragmentation index according to density gradient method.

Conclusions Microfluidic chip method may be recommended in patients with recurrent unsuccessful in vitro trials. The sperm
DNA fragmentation test prior to the treatment will be helpful in selecting the appropriate sperm-washing method.
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Introduction

Infertility is a noteworthy reproductive health problem affect-
ing 8-12% of couples in reproductive age across the world
[1]. Today, infertile couples can have children with the help of
assisted reproduction techniques such as in vitro fertilisation
(IVF), intrauterine insemination (IUI) and intracytoplasmic
sperm injection (ICSI). Regardless of these techniques, it
should be noted that the success of such treatment options
depends on embryo quality as well as potential of the uterus
to accept pregnancy [2].
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Male factor contributes 30—50% in IVF failure [3]. Sperm
count along with the morphology, mobility and genomic in-
tegrity of sperms is an important parameter in the evaluation
of male infertility. Several sperm preparation methods have
been developed for obtaining morphologically and genetically
high-quality sperms to be used in IUI and IVF procedures or
experimental studies [4]. Of these, density gradient and swim-
up methods are among the traditionally preferred applications.
However, both methods have their own limitations and nega-
tive aspects in terms of sperm quality. In the swim-up method,
motile cells get separated from immotile ones by their own
motility in a modified human tubal fluid sperm—washing so-
lution. Nonetheless, only a small number of motile sperms can
be obtained in this method. Density gradient method, on the
other hand, is based on the idea of separating sperms accord-
ing to their density. However, as it requires centrifugation, this
technique has been reported to have potential to creative a
negative influence on sperm viability, increase oxygen radi-
cals and lead to sperm DNA fragmentation [S5]. At length, the
deficiencies in sperm extraction processes may bring about
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unfavourable results in the long term in terms of fertilisation
success, continuity of pregnancy and embryo health.
Although it has been recently developed, preparing sperms
with microfluidic technique can step in as an alternative tech-
nique in reducing DNA fragmentation at this stage. However,
it should be noted that the number of clinical studies on such
new methods is still very low.

The aim of this study is to compare density gradient meth-
od, which is used in sperm preparation for microinjection, and
microfluidic chip (Fertile Plus) method in infertile patients
who have gone through at least two unsuccessful IVF trials
for unknown reasons by analysing egg fertilisation rates, preg-
nancy rates and sperm DNA fragmentation rates posed by
these two methods. As our surveys shows, this study is the
first of its kind in evaluating the results of density gradient and
microfluidic chip techniques with clinical results.

Materials and methods
Patient selection

This prospective randomised study was performed in 428 in-
fertile couples who presented at “Malatya Dogu Fertil IVF
Centre” between February 2016 and June 2018 with a history
of unexplained infertility and recurrent unsuccessful IVF tri-
als. The study was submitted to and has been approved by
Malatya Province Clinical Research Council of Ethics with
the protocol number 2017-34.

Using semen samples obtained from the patients, sperms
were prepared with gradient (z=312) and microfluidic chip
(n=116) methods. Throughout the study, we followed and
compared fertilisation and pregnancy success rates as main
outcome. Patients were evaluated in two groups as first-time
ICSI trial patients and recurrent unsuccessful trial patients
respectively. The study covered similar patients based on sev-
eral selection criteria such as female age, duration of treat-
ment, amount of medication used, number of eggs collected,
sperm count and sperm motility.

In addition, we randomly selected 30 male patients inside
from 428 infertile patients and divided sperm samples into
three groups as ejaculate (control), gradient and microchip
group in order to compare DNA fragmentation index and
normal morphology sperm ratio by Toluidine blue in situ
chemical sperm staining method between groups.

Preparation of sperms with density gradient method

We collected sperm specimens from the IVF patients on the
day of egg collection and placed them in sterile containers. We
used Irvine scientific sperm-washing medium (catalog ID
9983) for both methods which is a modified human tubal fluid
that is completely sterile, and endotoxin and mouse embryo
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assays are maiden and these are assisted reproductive technol-
ogies which mimics natural conditions. The samples were
incubated to dissolve at 37 °C for 20 min. We calculated the
sperm concentration with the help of a microscope (x 20). We
placed 1 ml of 80% gradient solution in a conical tube and
added 1 ml of 40% gradient solution over the first solution.
Then, we added 2 ml of liquefied sperm sample on top of the
solutions. After centrifugation (279xg, 20 min), we applied 2-
ml sperm-washing solution to the pellet. The centrifuged ma-
terial (468xg, 10 min) was then added 0.1 ml of sperm wash
solution and placed in the incubator at 37 °C with a 45° angle
position in order to increase top surface area. A portion of the
sperms were then saved for the microinjection process while
the rest was preserved on slides for sperm DNA fragmentation
and sperm morphology examinations.

Preparation of sperms with microchip method

For the preparation of sperms with this technique, we used the
microchip method called Fertile Plus Chip® (Koek
Biotechnology, Izmir, Turkey). This is an apparatus that gives
opportunity to select sperms passively (without centrifugation
steps) by sperm’s own motility similar to swim-up method. In
addition, there is a membrane filter with pores on it that allows
to pass morphologically normal-headed sperms. First of all,
sperm samples from I'VF patients were first collected in sterile
containers to dissolve at 37 °C for 20 min for the liquefaction
and then the sperm concentration was calculated with a mi-
croscope (x 20). For sperm sorting, we placed 800 pl of sperm
samples into the loading chamber of the microchip via a pi-
pette with care and added 1 ml of sperm-washing solution to
the top chamber. The microchip was incubated at 37 °C for
30 min in order to get sperms passing through the membrane
filter from the ejaculate group to the washing medium [6]. At
length, we collected the sperm samples from the collection
chamber to be used in microinjection while the rest of the
sperm samples were spread on slides for sperm DNA frag-
mentation and sperm morphology examination.

Sperm DNA fragmentation examination

Sperm specimens gathered from the study groups were left to
dry for 1 day at room temperature. The preparations were
suspended in acetone + ethyl alcohol solution at +4 °C for
30 min and then kept in HCI solution at + 4 °C for 5 min. This
was followed by a washing process three times in distilled
water. Next, the preparations were stained with 0.01%
Toluidine blue stain prepared in 50% mcllvain buffer solution
for 5 min. Having dried the preparations, we then examined
the dry material under the microscope at x 1000 magnification
with immersion oil by the help of an analysis program. We
regarded the indigo DNA fragmentation positive and the light
blue ones negative. We scored 300 sperms in each group and
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proportioned the DNA fragmented cells by dividing the num-
ber of fragmented cells by the total number.

Morphological evaluation of the sperms

We analysed Toluidine blue stained sperm samples under the
microscope at X 1000 magnification with immersion oil. In the
evaluation of sperm morphology, the Kruger criteria were tak-
en into consideration in analysing the sperm head, neck and
tail.

Statistical analysis

In the study groups, we used the Kolmogorov-Smirnov nor-
mality test to study the distribution of variables. Due to lack of
a normal distribution, the average values of the groups were
compared with the Mann-Whitney U test. Because of the in-
dependent and non-parametric conditions between the groups,
we analysed the fertilisation and pregnancy rates by using the
chi-square test. For the DNA fragmentation and morphology
comparisons, we chose 30 patients by using power analysis.
These randomly taken 30 sperm samples were divided into
three groups as control, gradient and microfluidic chip groups.
Due to the presence of multiple dependent groups, we used the
Friedman and Wilcoxon tests for comparisons and considered
p <0.05 value statistically significant.

Results

The sperm samples of 428 patients were divided into two
groups as gradient group (n=312) and microfluidic chip
group (n = 116). Throughout the study, no difference was ob-
served between the groups in terms of age, duration of treat-
ment, amount of medication used, egg count, sperm count or
motility (Table 1).

In order to determine whether IVF was successful, we com-
pared the fertilisation and pregnancy rates between the groups
by using chi-square test (Table 2). The fertilisation rates were
calculated by dividing the number of successfully fertilised
eggs by the number of ICSI-applied eggs. As for the pregnan-
cy rates, we considered > 100 IU positive using beta-HCG

tests conducted after 12 days and biochemical pregnancies
were not included in the study. We did not find any significant
difference between the patients who received IVF treatment
for the first time (n=336) in terms of fertilisation and preg-
nancy rates.

Table 3 shows the comparison between the fertilisation and
pregnancy rates according to gradient and microfluidic chip
techniques in the 92 patients who had previously received at
least two IVF trials before the study. Although there was no
significant difference in pregnancy rates between the groups,
there was a notable difference in terms of fertilisation rates
with p <0.05.

Table 4 shows the morphological evaluation of sperm cells
in the control, gradient and microfluidic chip groups. We ob-
served that the gradient and microchip sperm-washing
methods increased the number of sperms in good morpholog-
ical condition compared with the control group in a statistical-
ly significant way. Nonetheless, there was no difference be-
tween the gradient and microchip sperm-washing techniques
in terms of sperm morphology.

The sperm DNA fragmentation comparison between the
two study groups and the control group is shown in Table 5.
Statistically speaking, there was no difference between the
treatment groups and control group in terms of DNA fragmen-
tation rates. However, the DNA fragmentation rate of the den-
sity gradient group was significantly higher by p =0.01 com-
pared with the microfluidic chip group.

Figure 1 shows the microscopic views of sperm cells stained
with Toluidine blue for the DNA fragmentation analysis.

Discussion

Male factor is very important in the absence of pregnancy after
1 year of unprotected sex. Semen analysis is the first and basic
standard for a full understanding of male infertility and the
success of IVF treatment [7]. However, traditional semen
analysis methods may sometimes fall short in diagnosing un-
derlying problems and applying necessary treatments. For ex-
ample, despite the existence of a correlation between sperm
morphology and DNA integrity, there may be DNA fragmen-
tation in morphologically intact normal sperms [8—10]. The

Table 1 Main characteristic properties of patients included in the study
Gradient group, X = SD Microchip group, X + SD p value

Female age (years) 3149 £ 0.5 31.07£0.3 0.390
Duration of IVF treatment (days) 9.4 +0.05 9.3 £0.08 0.260
Amount of medication used (units) 1828 + 35 1721 £ 60 0.150
Egg count 13.6 = 0.39 13.06 + 0.56 0.900
Sperm count (million/ml) 53.5+1.5 495+3 0.190
Sperm motility (%) 54.1 +0.85 523+ 1.5 0.150
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Table2  The comparison between the fertilisation and pregnancy rates according to gradient and microchip methods in first-time IVF trial patients
Gradient group, (n=256) Microchip group, (n=80) p value
Rate % Rate %o

Fertilisation rates 1950/2776 70.20 563/811 69.40 0.650

Pregnancy rates 130/256 50.70 43/80 53.75 0.640

purpose of microchips used in the preparation of sperms is to
choose the best sperms in a fast and gentle way without dam-
aging sperms by way of creating an impression of natural
conditions. This is achieved with the help of the membrane
in the microchip. As it does not require centrifugation, this
method comprises all the advantages of traditional sperm
preparation techniques.

The microfluidic chips that we employed in our study were
essentially produced for IUI cycles. In our study, we tested
whether sperm cells using the Fertile Plus chips create a differ-
ence compared with the gradient method in the selection of best
sperms in terms of morphological and genomic integrity and
success of pregnancy in microinjection (ICSI) cycles. A recent
study comparing swim-up and microfluidic chip methods in
IVF patients with unknown reasons reports that there was no
difference between pregnancy and fertilisation rates [11]. In our
study, we used gradient method instead of the swim-up method
and we, too, failed to observe any difference between the two
methods in pregnancy rates. This is in line with reports in the
literature and it is safe to claim that our study is compatible with
similar studies. However, our study differs from the corre-
sponding studies in that we observed a significant difference
in the fertilisation rates in infertility patients who had previously
failed more than twice in fertility treatment and underwent mi-
crochip method during the course of our study. Therefore,
microfluidic chips may be considered as an alternative to in-
crease fertilisation rates in patients with recurrent IVF failure.

The initial purpose of current sperm preparation methods in
assisted reproductive therapies is to obtain the best sperms
with the highest insemination capacity by removing unwanted
biochemical agents and non-sperm round cells in the seminal
fluid. In selecting high-quality sperms, DNA fragmentation
tests are applied in addition to examining morphological fea-
tures, count and mobility of sperms. Throughout the study, we

Table 3
received at least two IVF trials before the study

discovered that both the gradient and microchip washing
methods significantly increased sperm concentration with
good morphology. In our study, there was no difference be-
tween gradient and microfluidic chip groups. Some studies
report that gradient method was found to be significantly su-
perior in selecting sperms with well-constructed morphology
as well as in terms of ongoing pregnancy rates compared with
the swim-up method [12, 13].

On the other hand, a considerable number of studies com-
paring these methods report that gradient method was ineffec-
tive in terms of sperm DNA fragmentation. In their 2016
study, Muratori et al. report that there was a 50% increase in
DNA fragmentation in the sperm samples after the application
of gradient method. They also suggest that the gradient meth-
od may not be safe for all infertility patients and that it would
be healthier to use different washing methods in such patients
[14]. In a study of 22 semen samples in 2000, Zini et al.
observe that the swim-up method is the most effective ap-
proach as far as DNA integrity is concerned [15]. Again,
Zini et al. also report in another study in 2000 including a total
of 53 men (44 infertile; 9 fertile) that there was no significant
difference in terms of DNA fragmentation in the samples from
the fertile subjects after the gradient method application while
there was an increase in fragmentation rates in the infertile
group. Accordingly, they suggest that density gradient method
should urgently be revised to minimise DNA damage in
sperms [16]. A similar study conducted by Wang et al. report
that density gradient method reduces DNA fragmentation ex-
cept for samples from severe oligozoospermia patients [17]. In
a study led by Ghaleno et al. comparing gradient method with
centrifugation and modified swim-up method without centri-
fugation as well as centrifugal swim-up methods in 28 men, it
has been suggested that DNA fragmentation was most visible
in the gradient method application and that there was no

The comparison between the fertilisation and pregnancy rates according to gradient and microchip methods in the patients who had previously

Gradient group, (n=156) Microchip group, (n=36) p value
Rate % Rate %
Fertilisation rates 272/432 62.9 271/369 73.4% 0.002
Pregnancy rates 23/56 50 19/36 52 0.900

*Significant between the groups
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Table 4 The comparison of morphological evaluation of sperm cells among groups

Groups The Kruger morphological evaluation (%) (n =30) Standard deviation (max—min) p value
Control group 4.5 2.1 (2-10) p<0.05
Gradient group 6.4% 2.9 (3-12)

Microchip group 5.8% 3.0 (2-12)

*Significant from the control

difference between the two swim-up methods as far as DNA
fragmentation is concerned [18]. In our study, the DNA frag-
mentation rate which was 25% in the control group increased
to 30% in the gradient group and decreased to 22% in the
microfluidic chip group. As such, our study shows an ever-
growing significant difference between the gradient and
microfluidic chip methods. It is known that sperm DNA dam-
age may increase in vitro after 3 h of incubation duration. So,
we tried our best to minimise that time and we start to collect
sperms 1 h before ICSI. It took almost 1 h to prepare sperms
with liquefaction time for both gradient and microchip groups.
Through the course of our study, we used two layers of gra-
dient solution. Ghaleno et al. had used a three-layer gradient
solution and applied a higher centrifugal g value. The differ-
ence in gradient solution amount and the difference between
the physical forces caused by centrifugation in the two stud-
ies may have increased the DNA fragmentation rates in our
study. However, there are studies that suggest that gradient
method reduces DNA fragmentation [9, 19, 20]. The in-
crease or decrease of DNA fragmentation levels in gradient
method applications and the varying results in these studies
may result from initial cellular DNA fragmentation rates or
centrifugation. In a 2018 study sponsored by the microchip
manufacturer, Quinn et al. compare gradient and
microfluidic chip methods. The results of the study shows
that DNA fragmentation rates in the microchip method were
reduced to almost 0% compared with the gradient method
[21]. Nonetheless, the study does not evaluate pregnancy
rates, the main objective in IVF treatment.

In our study, we used Toluidine blue staining technique to
evaluate sperm DNA fragmentation. Studies often employ
methods such as SCSA, SCD, TUNEL, COMET, Aniline blue
and Toluidine blue for this purpose. Meta-analysis of these
applications shows that there is no significant difference be-
tween these tests in detecting sperm DNA fragmentation
levels [22, 23]. In a study comparing TUNEL, SCSA and

Toluidine blue methods, it has been suggested that Toluidine
blue method has totally matched positive DNA fragmentation
index and that this method can be a reliable test in routine
practice for the evaluation of sperm DNA integrity and/or
abnormal chromatin structures. Moreover, it has been reported
that the DNA fragmentation rates do not exceed 35% in this
method in fertile individuals and the application has been
appointed a specific cut-off value [24]. So much so,
Toluidine blue method has been successfully standardised in
studies working on sperms from various species as a fast and
effective method [23, 25, 26]. Therefore, we also preferred
Toluidine blue staining technique in our study as it provides
practical and reliable results in DNA fragmentation imaging.
However, the Toluidine blue staining results need to be cor-
roborated using other methodologies for DNA testing.

A study on DNA fragmentation in infertile patients reports
that the time required to have children for individuals with a
sperm DNA fragmentation index between 27 and 30% is con-
siderably longer than the average [27]. Another study points
that microinjection method is more successful in achieving
pregnancy in patients with a sperm DFI of >30% 23 [28].
Our study differs from these studies in that the post-IVF treat-
ment clinical evaluation did not show any significant differ-
ences after the applications on these sperm cells in terms of
pregnancy rates after IVF treatment.

An overall evaluation of these results imply that microchip
washing method may be an alternative to density gradient
method as it does not require centrifugation, one of the factors
that is thought to effect sperm DNA. However, it should be
noted that the microfluidic chip technique does not always
give the expected clinical results in patients undergoing their
first IVF trial possibly due to the absence of the physical effect
created by centrifugation. It should also be added that the
method led to a significant increase in fertilisation rates in
patients with recurrent IVF in our study. Therefore, it would
be wiser for patients with a history of recurrent IVF treatment

Table 5 The sperm DNA fragmentation comparison between the groups

Groups Sperm DNA fragmentation (%) Standard deviation (max—min) p value
Control group (n 10) 24.1 11.8 (6-52) 0,01
Gradient group (n 10) 29.5% 21.9 (5-85)

Microchip group (n 10) 223 % 13.9 (2-54)

*Significant difference between the study groups
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Fig. 1 Microscopic views of sperm cells stained with Toluidine blue for
the DNA fragmentation analysis (x 1000). (Numbered and dark blue
sperm heads show damage to DNA.) a Control group, b gradient group
and ¢ microchip group

to undergo DNA fragmentation tests prior to the treatment as
their sperms are likely to have a more fragile structure. We
also suggest that the washing technique should be determined
in accordance with the results of these pre-treatment tests es-
pecially if the results are higher. An overview of the literature
has led us believe that our study is the first of its kind provid-
ing a comparative analysis of the application of density gradi-
ent and microfluidic chip methods in patients with a history of
single or multiple IVF trials with special focus on fertilisation
and pregnancy success rates. The number of subjects in our
study can be considered as a limiting factor. In order to deter-
mine the long-term results of the data proposed in our study,
the number of subjects should be increased and the patients
should be called in for follow-up visits over a longer period of
time.

@ Springer
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