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Abstract
Purpose The aim was to assess the correlation of sperm apoptotic transcript levels with cleavage stage embryokinetic and
pregnancy outcomes of intracytoplasmic morphologically selected sperm injection (IMSI) and ICSI methods in patients with
male factor infertility.
Material and methods Eighty male factor cases were divided into ICSI and IMSI groups. ICSI was done routinely, and for IMSI,
sperm was selected at high magnification and injected. On day 3, time-lapse parameters were evaluated, and the best embryos
were transferred and followed to delivery. In addition, sperm DNA fragmentation and apoptotic transcript levels were quantified
using reverse transcription Q-PCR between the groups.
Results IMSI selected spermatozoa had lower DNA fragmentation and apoptotic transcript levels compared with ICSI (p <
0.0001). Moreover, all cytokinetic variables and cleavage abnormalities were noticeably different between groups (p < 0.0001);
the rates of clinical outcomes were higher in the IMSI group. The transcript levels of Caspase 3 showed a moderate negative
correlation with s2 and s3 (rs = − 0.57, P = 0.008 and rs = − 0.51, p = 0.021, respectively) in the IMSI group. However, there was
no relationship between sperm apoptotic transcript levels and clinical outcomes in two groups.
Conclusions Sperms selected at high magnification showed lower DNA fragmentation and apoptosis genes transcript. Also,
better embryo kinetics and clinical outcomes were confirmed in IMSI than ICSI groups. Some time-lapse parameters may be
associated with transcript levels of apoptosis genes. Therefore, these noninvasive techniques may be unique in assisting couples
with male factor infertility.
Trial registration This trial retrospectively registered on 4 July 2020 (IRCT20180130038561N1).
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Introduction

Intracytoplasmic sperm injection (ICSI) is commonly used for
the treatment of male factor infertility or repeated fertilization
failure after conventional IVF [1]. Optimally, sperm cells with

high chance of fertilization and subsequent embryo growth
would be used for assisted reproductive technology (ART).
These spermatozoa would be viable, mature, with high DNA
integrity, and structurally competent. In ICSI, routine sperm
selection is based on motility and gross morphology at low
magnification. Advanced sperm selection techniques might
enables further selection of the appropriate sperm for use in
ART [2]. Motile sperm organelle morphology examination
(MSOME) is a noninvasive method for specific evaluation
of motile spermatozoa. MSOME with the use of the
Nomarski differential interference contrast (DIC) optics at >
6000× allows for, a better three-dimensional view of the
sperm head and selection for intracytoplasmic morphological-
ly selected sperm injection (IMSI) [3]. Selection criteria in-
clude the normalcy of the head, neck, and midpiece [3, 4].
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Embryo selection is another challenge in the ART pro-
gram. Despite different methods for embryo selection, such
as metabolic profiling, O2 respiration, aneuploidy screening,
and gene expression analysis, selection based on morphology
is still an approved method [5, 6]. Assessment of the embryo
quality at different stages may help to determine the embryos
with the best potential for implantation. Embryo selection
using time-lapse imaging (TLI) involves numerous different
cellular events and dynamic parameters, the time of cell divi-
sions and the time between cell divisions. Also, normal cleav-
age pattern and existence of cleavage abnormality of embryos
are assessed in details [7]. Several recent studies have ad-
dressed the potential of TLI in clinical selection of competent
embryos [8–10].

Evaluation of sperm DNA integrity, in addition to routine
sperm parameters, could add further information on the qual-
ity of spermatozoa. Clinical evidences now point to sperm
DNA damage as a detrimental factor to reproductive out-
comes, with spermatozoa of infertile men having more DNA
damage than fertile men [11–13]. Apoptosis is an essential
process in both spermatogenesis and spermiogenesis and reg-
ulated with two families of genes including bcl2 and caspase.
The Bcl2 family consists of antiapoptotic factors (bcl2, bcl-xl)
and proapoptotic factors (Bax, Bid). The Caspase family is
present in the cell as a group of inactive proenzymes that
become active at the apoptosis process leading to destruction
of proteins like poly (ADP-ribose) polymerase (PARP),
lamins, and histone [14–16].

The ART procedures bypass the natural selection process,
subsequently increasing the chance of spermatozoa with ab-
normal genomic material fertilizing a mature oocyte. To our
knowledge, there has been no report on the apoptotic gene
pattern of spermatozoa that are selected for ICSI and IMSI.
In this study, for the first time, we aimed to compare the DNA
fragmentation and apoptosis transcript levels of spermatozoa
selected for ICSI and IMSI. In addition, the embryo kinetics
with TLI and clinical outcomes were compared in couples
with male factor infertility.

Materials and methods

Patient selection

This prospective randomized trial was performed between
May 2016 to May 2018, at the Research and Clinical Center
for Infertility in Yazd. This study was approved by the Ethics
C o m m i t t e e o f o u r i n s t i t u t e ( I R .
SSU.MEDICINE.REC.1394.338) and retrospectively regis-
te red in the I ranian Regis t ry of Cl in ica l Tr ia ls
(IRCT20180130038561N1). All patients provided informed
consent. For this study, 80 couples with male factor infertility
undergoing ICSI treatment with antagonist protocol for

control ovarian hyperstimulation (COH) (female mean age
30.3 ± 3.5 and male mean age 35.7 ± 4.7) participated.
Patients randomly were divided into two groups of IMSI and
ICSI (40 cases in each group). Randomization was performed
using computer-created random numbers. The patients, em-
bryologists, and physicians were not blinded to the allocated
treatment groups. The inclusion criteria were male factor in-
fertility (asthenozoospermia, asthenoteratozoospermia, terato-
zoospermia), at least 3 years of primary infertility, healthy
female without fertility problems, 38 years or younger with
a basal FSH < 10 IU/ml, BMI between 25 and 30, and with the
minimum of six mature oocytes. To achieve the maximum
number of spermatozoa in the sperm selection process, pa-
t i e n t s w i t h n o n e j a c u l a t e d s p e r m a t o z o a ,
oligoasthenoteratozoospermia (OAT), and ejaculates below
1 × 106 spermatozoa/ml were excluded. Also, women with >
2500 pg/mL estradiol levels at the time of triggering, the cases
with no embryos for transfer, and total freeze cycles were
excluded (Fig. 1).

Semen analysis and preparation

Semen was obtained by masturbation after 3–5 days of sexual
abstinence. In liquefied semen, classical parameters of sperm
concentration, motility, morphology, and vitality were
assessed in 200 spermatozoa for each sample in accordance
with the World Health Organization guideline [17]. Sperm
count and motility were evaluated via the Makler chamber
on light microscopy (Olympus Co. Tokyo, Japan). The viabil-
ity and morphology were assessed by Eosin and Diff-Quick
staining, respectively.

Sperm preparation was performed on two-layer concentra-
tion gradients [17]. Briefly, liquefied semen was gently lay-
ered on the top of the 80% and 40% PureSperm® (NidaCon
Laboratories AB, Gothenburg, Sweden) layers with the help
of a sterile glass Pasteur pipette and centrifuged at 300g for 10
min. The resulting sperm pellet was diluted with 1-ml Hams
F10 supplemented with 5 mg/ml albumin, mixed well, and
centrifuged at 300g for 5 min. Sperm pellet was once again
resuspended with 1-ml medium and centrifuged again at 300g
for 5 min. The final sperm preparation was suspended in
500 μl of the medium.

Controlled ovarian hyper stimulation

The ovarian stimulation was similar to our previous study
[18]. Stimulation protocol was started with recombinant hu-
man follicle-stimulating hormone (Gonal-F, Serono, Geneva,
Switzerland 150–225 IU, subcutaneously) for 5 days. When
the mature follicle (≥ 14mm)was confirmed with transvaginal
sonography, GnRH antagonist (Cetrotide) (Merck, Serono,
Germany, 0.25 mg/daily, subcutaneously) was injected.
Then, follicular growth was checked by transvaginal
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ultrasound and 10,000 IU of human chorionic gonadotrophin
(HCG) (Pregnyl®; Organon, Oss, the Netherlands) was
injected when at least three follicles reached a diameter of ≥
17 mm. Ovum pickup was performed using ultrasound guid-
ance 36 h after the trigger injection.

Laboratory procedure

After aspiration, cumulus-oocyte complexes (COCs) were in-
cubated in culture medium (G-IVF; Vitrolife, Kungsbacka,
Sweden) covered with oil (Ovoil; Vitrolife, Sweden) at 37
°C and 6%CO2 for 3 h. Following oocyte denudation, wheth-
er ICSI or IMSI was performed. ICSI was performed using
prepared spermatozoa. The motile spermatozoa with normal
morphology (normal head without cytoplasmic droplets or tail
defects) were selected at × 400 magnification and then
injected into mature oocytes [19, 20].

In the IMSI group, sperm selection was performed as
described before [19, 21]. Briefly, spermatozoa were
loaded in the polyvinyl pyrrolidone (PVP, Irvine
Scientific) droplet in the glass-bottom culture dish
(GWSt 1000; Will Co. Amsterdam, The Netherlands).
The motile spermatozoa were carefully assessed under
an inverted microscope equipped with a heated stage
and differential interference contrast (DIC) optics and
Nikon Digital Sight DS-Ri1 Camera at × 6000 magni-
fications. According to Cassuto and Barak method [4],
established detailed classification scoring scale was set
ranging between 6 and 0 points according to the

normalcy of the head (2 points if normal), the symmetry
of the base (1 point if normal), and the absence of
vacuole (3 points if absent). Three grades of scorings
were, therefore, established: class I: high-quality sper-
matozoa with calculated score of 4–6; class II:
medium-quality spermatozoa with calculated score of
1–3; and class III: low-quality spermatozoa with calcu-
lated score of 0 (Fig. 2). Selected good quality sperma-
tozoa (classes I and II), aspirated in the microinjection
pipette, and then transferred into the collection drop (G-
MOPS; Vitrolife, Kungsbacka, Sweden), were covered
with paraffin oil in a plastic culture dish (Nunc
153006). Then, mature oocytes were loaded in the dish
and were injected. For both groups, the injected oocytes
were washed and cultured overnight in droplets of G1
(Vitrolife Co., Sweden) in a standard incubator.

Embryo culture

Fertilization was evaluated 16–18-h postinsemination. All
normally fertilized zygotes were then transferred to a nine-
well embryo culture dish (Primo Vision, Vitrolife, Sweden)
containing 40 μl of G-1 medium and covered with mineral oil
and equilibrated overnight in 37 °C and 6%CO2. Each culture
dish was placed in TLI (Vitrolife) in a standard incubator. The
monitoring system repeatedly took photographs of the embry-
os using an inverted microscope every 10 min, and the total
scan of embryos was taken every 20 min, for 2 days.

Fig. 1 Flowchart of participants’ allocation, treatment, follow-up, and analysis
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Embryo selection with TLI

Three days after culture, the embryos were evaluated by
looking at the images using the Embryo viewer (Vitrolife)
software. The following early kinetic markers were evaluated:
PN fading (pnf), time to 2 cells (c) (t2), 3c (t3), 4c (t4), 5c (t5),
6c (t6), 7c (t7), and 8c (t8) and relative timing parameters s1,
cc2, s2, and s3. Duration of the second cycle (cc2; t3–t2) and
the final kinetic parameters looked where the time to complete
first synchronous division s1 (t2–tPNf), the time to complete
second synchronous divisions (s2:t4–t3) and the time to com-
plete third synchronous divisions (s3:t8-t5). In addition, some
cleavage anomalies specifically monitored were (A) uneven
blastomere size at the two-cell stage [22], (B) reverse cleavage
(RC), where a blastomere was reabsorbed after cleavage [23].
(C) Direct cleavage (DC) is where a single blastomere divided
directly from 1 to 3 cells in less than 5 h [24]. Also, the rate of
embryos arrest was assessed. The best embryos were selected
according to an algorithm, as defined recently [19, 21, 25].

Briefly, after deselecting the embryos with abnormal mor-
phology and cleavage abnormality, according to the timing
variables t5 (48.5–56.6 h), s2 (t4–t3 < 0.76 h) and cc2 (t3–t2
< 11.9 h) [25], two embryos with ideal morphokinetic param-
eters were selected and transferred for each patient. Surplus
good embryos were cryopreserved at the same day.

Clinical outcomes

Patients were followed up for biochemical pregnancy (posi-
tive b-hCG, 14 days after embryo transfer in the serum), clin-
ical pregnancy (detection of one or more gestational sac with a
fetal heartbeat in ultrasound after 6 weeks), and the live birth
rate (LBR) (the percentage among the numeral of live births
and the total of embryos transferred). Also, the implantation
rate (IR) (the fraction among the numbers of gestational sacs
and the sum of transferred embryos) was assessed [26].

Fig. 2 Classification of spermatozoa selected at × 6000 magnification
into 3 different categories. Class I—good quality spermatozoa, class
II—worse quality spermatozoa, and class III—poor quality spermatozoa.

a, b, c—spermatozoa of class I; d, e, f—spermatozoa of class II; g, h, i—
spermatozoa of class III [4]
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Evaluation of sperm DNA fragmentation

The terminal deoxynucleotidyl transferase–mediated (TdT)
deoxyuridine triphosphate (dUTP) nick end labeling assay
(TUNEL) was used to evaluate sperm DNA fragmentation
(SDF). In both groups, immediately after sperm selection for
injection, 100 spermatozoa were selected (for ICSI group at ×
400, for IMSI at × 6000) and loaded in the drop of Hams F10
on the slide, air-dried, and fixed in methanol (RT, 30 min) and
left in the freezer until staining. The slides were washed in
phosphate-buffered saline (PBS, pH 7.4). 0.1% Triton X-
100 (Merck, Germany) and 0.1% sodium citrate (on ice, for
2 min) were used for permeability. The samples were washed
with PBS; then, 30 ml of TUNEL mixture (Roche, USA) was
added to all samples and incubated for 60 min at 37 °C in a
humid chamber in dark. After that, the slides were washed
three times with PBS and finally assessed with fluorescence
microscope under × 100 eyepiece objective [27, 28]. The
sperm cells with fragmented DNA (TUNEL+) showing bright
green color; while, the nuclei of the normal cells (TUNEL−)
were pale green. A total of 100 spermatozoa were counted,
and the rates of TUNEL+ spermatozoa were reported as the
percentage.

Evaluation of sperm apoptosis transcript levels

For the ICSI group (control), 100 spermatozoa from
prepared sample were selected at × 400. For the IMSI
group (sample), 100 spermatozoa from prepared sample
were selected with MSOME criteria at × 6000, both
samples were then washed with PBS and collected in
sterile microtubes and stored at – 80 °C for further
analysis.

Extraction of total RNA and first strand cDNA
synthesis

QuantiTect®, RNeasy Micro kits (Qiagen, Europe) was used
for purification of total RNA. The RNA concentration was
determined by Nano Drop spectrophotometer and adjusted
to a concentration of 1000 ng/μL. cDNAwas then synthesized
using RevertAid First Strand cDNA synthesis kit (Thermo
Fisher scientific Inc.) in the same day according to the manu-
facturer’s guide. The reverse transcription was performed in
20 μL reactions for 60 min at 42 °C, followed by 70 °C for
5 min to inactivate the reverse transcriptase. The reverse tran-
scription reaction product was directly used in quantitative
PCR (qPCR) in a separate step to amplify the targets.

Real time polymerase chain reaction

Using specified primers (Table 1), the relative transcript
levels of some apoptotic genes (Bcl2, Bax, Caspase 3)

were evaluated by quantitative real time PCR (qRT-
PCR). GAPDH gene was used as internal control. The
PCR run was carried out according to QuantiTect
SYBR Green RT-PCR kit (Applied Biosystems, UK,
Lot no:1201416) on an ABI 7500 RT-PCR system
(Applied Biosystems) using the following program:
stage 1: 95 °C for 5 min and stage 2: 95 °C for 20s,
58 °C for 30 s, 72 °C for 20 s for a total of 40 cycles.
It was continued by a melt curve step at 95 °C for 15 s,
58 °C for 1 min, and 95 °C for 15 s. All samples were
run in duplicate to reduce the sampling error, and the
mean value of each duplicate was used for all further
calculations. Reverse transcriptase minus samples and
no template controls were run together with the main
samples. Verification of Amplicon specificity and size
were performed by 2% agarose gel and product length
as well as by a melting curve analysis. The relative
transcript levels were then calculated by a mathematical
model, which included an efficiency correction for real
time PCR efficiency of the individual transcripts [14,
29] as follows: ratio = (E target) ΔCt target (control-
sample)/(E ref) ΔCt ref (control-sample). The relative
transcript levels of a target gene were determined from
the real time PCR efficiency (E) and the threshold cycle
difference for an unknown sample versus a control (Ct
control-sample). For each gene, cDNA dilution curves
were generated and used to calculate the individual real
time PCR efficiencies [E = 10(− 1/slope)].

Statistical Analysis

The sample size was considered by comparison between
two proportions. Considering the significance of 5% and
the test power of 80% and, according to the maximum
amount of standard deviation of transcript levels of gene
2.4 and to achieve a significant difference of at least 1.5
units, 41 cases were placed in each group [30]. Data
normalization was performed with Kolmogorov–
Smirnov test; Results were expressed as mean ± stan-
dard deviation (SD) for normal numeric variables, me-
dian ± interquartile range for nonparametric variables
and percentage for categorical variables. The means of
samples with normal distribution and sufficient size
were compared by independent samples test parametric
test (independent samples t test). In case of nonnormal
distribution, the medians were compared by Mann–
Whitney test. Categorical variables were compared using
chi-square. A Spearman’s rank correlation was used to
analyses relationships between apoptotic transcript levels
and early cleavage timing in the developing embryos.
Statistical analysis was performed using the Statistical
Package for the Social Sciences 20 (SPSS Inc.,
Chicago, IL, USA) with significance set at P < 0.05.
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Results

Initially, 150 male infertile cases enrolled in the study. Of
those, 95 patients had the inclusion criteria on the day of
oocyte retrieval and were randomized into two groups.
Forty-seven cases in the IMSI group and forty-eight cases in
the ICSI group. A total of 55 cases were excluded initially
were advance maternal age (n = 16), severe male factor (n =
25), and estradiol levels > 2500 pg/mL at the time of trigger-
ing (n = 14). Also, 7 patients from the IMSI group and 8 cases
from the ICSI group were excluded, because they had no
suitable embryos for transfer. All other participants were
available and followed to terms (Fig 1). The couples were
referred to the ICSI program with male factor etiologies.
Sixty-two (77.5%) patients were undertaken for the first time,
whereas 18(22.5%) cases were undergone ART treatment for
two or more cycles. No differences were detected between
male and female ages, sperm parameters, male factor sub-
groups, serum AMH, estradiol, and the number of oocytes
between the two groups (Table 2). In ICSI group, a total of
400 COCs were collected, of which 356 denuded oocytes
were MII and microinjected. A total of 265 (74.43%) oocytes
fertilized normally, and 220 (61.79%) embryos were formed.
In IMSI group, a total of 350 COCs were collected, and 330
MII oocytes were microinjected. A total of 260 (78.78%) fer-
tilized normally, and 245 (74.24%) embryos developed. For
each patient, two of the best embryos according to the
morphokinetic parameters were selected and transferred,
whilst supernumerary good quality embryos were vitrified.

According to Table 3, TLI analysis showed that all of the
early developmental events were significantly earlier in ICSI
than IMSI (p ˂ 0.0001) (Table 3). For evaluation of cleavage

abnormality, significant relationships were recorded between
groups in the percent of fragmentation, multinucleation, un-
even blastomers, and reverse cleavage abnormalities (p <
0.05) (Table 4). IMSI had lower percentage of abnormalities
when compared with ICSI, but there were minor differences
for direct cleavage abnormality; the presence of vacuoles in
the embryos and embryo arrests between the groups (p > 0.05)
(Table 4).

According to the data of transferred embryos, almost all of
the early developmental events were significantly different
between the groups (p ˂ 0.0001), except for t5, cc2, and s2
with no differences (p = 0.06, p = 0.30, p = 0.86, respectively)
which match up with the algorithm. The trend of chemical
pregnancy, implantation, clinical pregnancy, and live birth
were higher in the IMSI group. But, only the implantation rate
was significantly higher in sample group (p = 0.01; Fig. 3).

According to the TUNEL assay, there was a significant
difference in the percent of spermatozoa with DNA fragmen-
tation between the groups (p < 0.0001). The percentage of
spermatozoa with DNA fragmentation was lower in IMSI than
in ICSI patients (Fig. 4). Other part of this study evaluated the
mRNA levels of two proapoptotic-associated genes (Bax and
Caspase 3) and antiapoptotic-associated gene (Bcl2) by com-
parative real-time RT–PCR. The findings showed there was a
significant increase in the transcript levels of BAX, Caspase 3,
and the proportion of BAX/Bcl2 in ICSI group compared with
IMSI. Also, the transcript levels of Bcl2 gene were lower in
the ICSI group (Fig. 5).

Correlation between transcript levels of sperm apoptotic
genes and embryo kinetic parameters were measured to con-
sider the relationship between these two variables in the em-
bryo development. The data showed a moderate negative

Table 1 The genes (Bax, Bcl2,
Caspase3 (apoptotic genes) and
GAPDH (housekeeping gene))
and their product length

Accession
numbers

Gene Primer sequence PCR product
size (bp)

qPCR
efficiencies (%)

NM_
001291428

Bax Forward:5´CGGAACTGATCAGA
ATC-3´

Reverse:5´GACATCAGTCGCTT
CAGTG-3´

124 94

NM_000633 Bcl-2 Forward:5AGAAAGCAGGAAAC
CTGTGG-3´

Reverse: 5´-GATAGCAGCACAGG
ATTGGA-3´

126 96

NM_032991 Caspase
3

Forward: 5´-CAGCCCATTTCTCC
ATACG-3´

Reverse: 5´-GCCTCACCACCTTT
AGAAC-3´

128 94

NM_
001289746

GAPDH Forward: 5´-TGGTATCGTGGAAG
GACTCA-3´

Reverse: 5´-CCAGTAGAGGCAGG
GATGAT-3´

132 97
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correlation between transcript levels of Caspase3 with the s2
and s3 (correlation coefficient [rs] = − 0.57, P = 0.008, and rs
= − 0.51, p = 0.021, respectively) among IMSI group.
Transcript levels of sperm apoptotic genes had no correlation
with embryo kinetic timing in ICSI group (Table 5). Also, the
findings indicated that transcript levels of sperm apoptotic

genes were not correlated with embryo cleavage abnormali-
t ies , l ike reverse cleavage, direct cleavage, and
multinucleation in both groups (p > 0.05). In addition, no
association was observed between transcript levels of sperm
apoptotic genes with clinical outcomes in the groups (p >
0.05). There was also no correlation between TUNEL assay

Table 2 Laboratory characteristic
of patients between ICSI and
IMSI groups

Lab characteristics ICSI group (n = 40) IMSI group (n = 40) P value

Male age (year)* 34.7 ± 4.6 35.5 ± 5.3 0.34

Sperm count (× 106) # 30.0 ± 41.0 40.0 ± 60.0 0.44

Progressive motility (%) # 20.0 ± 20.0 20.0 ± 25.0 0.12

Nonprogressive motility (%) # 10.0 ± 0.0 10.0 ± 0.0 0.21

Immotile (%) # 70.0 ± 20.0 60.0 ± 30.0 0.12

Normal morphology (%) # 1.0 ± 1.0 1.0 ± 1.0 0.10

Round cell (× 106) # 7.0 ± 9.0 7.0 ± 8.0 0.50

Female age (year)* 30.3 ± 4.0 30.4 ± 3.7 0.76

Estradiol (pg/ml)* 1232.0 ± 349.5 1258.6 ± 394.9 0.50

AMH (ng/ml)* 1.9 ± 0.4 1.9 ± 0.6 0.52

Number of COC# 8.0 ± 4.0 7.0 ± 3.0 0.10

Number of MII oocytes # 7.5 ± 3.2 7.0 ± 2.0 0.08

Number of 2PN # 6.0 ± 3.0 6.0 ± 2.0 0.09

Fertilization rate* 74.4 ± 14.6 76.4 ± 16.1 0.08

Male factor subgroups:*

Asthenozoospermia

Asthenoteratozoospermia

teratozoospermia

10 (25)

20 (50)

10 (25)

12 (30)

20 (50)

8 (20)

0.83

Data were presented as *mean ± SD and number (%); Data were presented as #median ± I.Q

COC cumulus oocyte complex, MII metaphase II, 2PN two pronuclear

Table 3 Kinetic data of all
embryos in two study groups kinetic markers (hours postICSI) ICSI embryos (n = 220) IMSI embryos (n = 245) P value

tPNf 19.2 ± 1.6 24.1 ± 3.0 < 0.0001*

t2 20.7 ± 1.9 26.1 ± 3.4 < 0.0001*

s1 1.5 ± 0.7 1.9 ± 0.7 < 0.0001*

t3 28.4 ± 5.0 34.7 ± 4.9 < 0.0001*

cc2 7.0 ± 4.4 9.3 ± 2.9 < 0.0001*

t4 31.8 ± 4.9 37.2 ± 5.0 < 0.0001*

s2 3.6 ± 4.5 1.5 ± 0.7 < 0.0001*

t5 40.4 ± 7.0 48.7 ± 5.1 < 0.0001*

t6 42.0 ± 6.5 50.0 ± 4.3 < 0.0001*

t7 49.9 ± 5.2 54.0 ± 4.2 < 0.0001*

t8 52.9 ± 5.0 58.8 ± 3.6 < 0.0001*

s3 15.8 ± 7.7 10.8 ± 4.7 < 0.0001*

Data were calculated using independent t test and presented mean ± standard deviation (SD)

Pnf PN fading, t2 = first cleavage (2-cell stage), t3 second cleavage (3-cell stage), t4 4-cell stage, t5 5-cell stage, t6
6-cell stage, t7 7-cell stage, t8 8-cell stage. The time to complete first synchronous divisions s1 (t2–tPNf),
durations of the second cycle (cc2; t3–t2), the time to complete second synchronous divisions (s2:t4–t3), and
the time to complete third synchronous divisions (s3:t8–t5). *p value < 0.05 was significant
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with embryokinetics parameters and clinical outcomes in both
groups of IMSI and ICSI (p > 0.05).

Discussion

Comparison of embryokinetic between IMSI and ICSI

This study was set up to assess if there were any ben-
efits of the IMSI procedure compared with conventional
ICSI in patients with male infertility. To the best of our
knowledge, only one study has evaluated the develop-
mental dynamics of IMSI-derived embryos [31]. Also,
there are few studies comparing the embryo kinetics
between IMSI and ICSI cycles. The results showed that
all of the early developmental events were significantly
beneficial in IMSI group, when compared to ICSI.
According to the TLI parameters, the timings of divi-
sions for embryos derived from IMSI were similar to
the Herrero’s study [32] that declared the average
timing of embryo division. But, the timing of division
in the ICSI group was different and occurred earlier.
Also, the rates of cleavage abnormality (fragmentation,
multinucleation, uneven blastomere and reverse cleav-
age) were significantly lower in the embryos derived
from IMSI procedure. Confirming our findings, Knez

et al. [31], for the first time, evaluated the influence
of vacuoles on the morphology and dynamics of early
developmental events in preimplantation embryos. They
concluded that the size and number of vacuoles had an
influence on developmental dynamics of IMSI-derived
embryos and reaching to blastocyst stage [31].

It has been reported that too slow or too fast embryo devel-
opment may have metabolic and/or chromosomal defects
[33–35]. However, it also depends on the circumstance of
each laboratory, like culture media and temperature. When
ICSI was done with abnormal sperm, especially the presence
of vacuoles, it was related to late embryo development. Slow
embryonic development with poor progression to cleavage is
generally considered to be due to sperm DNA damage or
aneuploidy of the embryo [35, 36]. Studies showed that sper-
matozoa with large vacuoles are associated with high level of
sperm chromatin dispersion (SCD), chromatin condensation
defect, and packaging abnormality. They suggested the use of
high magnification sperm selection prior to microinjection to
deselect score-0 spermatozoa, while improving the ART out-
comes [37–39]. Embryos that are formed from cases with
severe male infertility and testicular spermatozoa are usually
accompanied by delayed embryo kinetic parameters and more
prone to aneuploidy [36, 40]. Spermwith abnormal chromatin
may negatively influence not only the fertilization and early
cleavage, but also embryonic capability by interfering with
embryonic genome activation. Sperm centrosome plays the

Fig. 3 Comparison of clinical
outcomes between the groups.
Chi-square test, *p < 0.05 was
significant

Table 4 Frequency and
percentage of cleavage
abnormalities between ICSI and
IMSI groups

Cleavage abnormalities ICSI group (n = 220) IMSI group (n = 245) OR (95% CI) P value

Fragmentation 157 (71.3) 151 (61.6) 0.656 (0.473–0.911) 0.01*

Multinucleation 66 (30.0) 23 (9.3) 0.233 (0.149–0.364) < 0.0001*

Uneven blastomers 82 (37.2) 23 (9.3) 0.174 (0.112–0.270) < 0.0001*

Reverse cleavage 82 (37.2) 49 (20.0) 0.421 (0.296–0.599) < 0.0001*

Direct cleavage 13 (5.9) 16 (6.5) 1.033 (0.553–1.932) 1.00

Vacuoles 13 (5.9) 12 (4.8) 0.762 (0.383–1.517) 0.48

Arrest 22 (10.0) 16 (6.5) 0.632 (0.357–1.118) 0.12

OR, odds ratio;CI, confidence interval, *p value < 0.05was significant. The values within parenthesis represent%
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main role in the embryo division. Defects in the centrosome
of abnormal spermatozoa or in the testicular spermatozoa
were associated with delayed first cleavage, slow embryo
development, and reduced morulae and blastocyst formation
[40, 41]. However, embryonic genome activation does not
occur until after the 8-cell stage. So, the real value of a sperm
selection method would be the effect not only on early cleav-
age events, but also on compaction.

Our results showed embryos that were derived from ICSI
had rapid cleavage with higher cleavage abnormalities and
poor clinical outcomes when compared with IMSI.
According to the results, it might be considered that ICSI
embryos had more chromosomal errors and genetic defects
than IMSI. Studies declared that IMSI effects occur only as a
positive later paternal effect. The late paternal effect is char-
acterized by poor embryo development to blastocyst stage,
implantation failure, and pregnancy loss, associated with
sperm abnormalities at the level of DNA and chromatin. Our
previous study showed that the abnormal sperm parameters
and chromatin alteration affect the normal embryo kinetics in
ICSI program [18]. Although, DNA damage cannot be recog-
nized with selection of spermatozoa at high magnification,

but, it is possible to identify sperm with intranuclear vacuoles.
These structures may reflect better probability of molecular
defects responsible for DNA damage.

Clinical outcomes

In this study, there were higher rates for normal fertilization
and embryo formation in the IMSI group compared with the
ICSI. Also, the rate of biochemical and clinical pregnancies,
live birth, and implantation were higher in the IMSI compared
with the ICSI group, but, the differences were insignificant,
except for implantation. According to the results of a
metaanalysis, IMSI not only significantly improved the per-
centage of top-quality embryos, implantation, and pregnancy
rates, but also significantly reduced the miscarriage rates as
compared with ICSI [42]. The data in this regard are still
contradictory; according to a recent Cochrane study (2020),
there is a weak evidence to support or reject the IMSI proce-
dure, and mandate more high-quality clinical trial studies [43].
Knez and colleagues [31] confirmed significantly higher im-
plantation and clinical pregnancy rates with IMSI in the severe
teratozoospermia patients. In contrast, some studies reported
no differences between ICSI and IMSI with regards to fertil-
ization, implantation, and pregnancy rates as well as

Table 5 Spearman’s rank correlations analyzing the relationship
between transcript levels of sperm apoptotic genes and embryo kinetics
of individual embryos in the two groups

Kinetic parameters ICSI (n = 220) IMSI (n = 245)

BAX BCL2 CASP3 BAX BCL2 CASP3

tPNf 0.28 0.40 0.08 0.15 0.05 − 0.01

t2 − 0.20 − 0.10 − 0.17 0.21 0.07 0.05

s1 − 0.36 − 0.29 − 0.20 0.14 0.32 0.21

t3 0.21 0.32 − 0.03 0.22 0.11 0.01

cc2 0.39 0.37 0.04 − 0.17 − 0.04 − 0.18

t4 0.10 0.25 − 0.04 0.11 0.10 − 0.13

s2 − 0.31 − 0.18 − 0.07 − 0.07 0.29 − 0.57*

t5 0.29 0.28 0.22 − 0.06 0.06 0.30

t6 − 0.09 − 0.10 0.16 − 0.09 − 0.00 0.28

t7 − 0.13 − 0.22 0.12 − 0.05 0.31 0.16

t8 − 0.07 − 0.14 − 0.17 0.06 0.21 0.02

s3 0.10 − 0.20 − 0.23 0.07 0.18 − 0.51*

*s2 and s3 timing were a moderate negative correlation with transcript
levels of CASP3 in the IMSI group (P = 0.008 and P = 0.021, respective-
ly). *p value < 0.05 was significant

Pnf PN fading, t2 first cleavage (2-cell stage), t3 second cleavage (3-cell
stage), t4 4-cell stage, t5 5-cell stage, t6 6-cell stage, t7 7-cell stage, t8 8-
cell stage. The time to complete first synchronous divisions s1 (t2–tPNf),
durations of the second cycle (cc2; t3–t2), the time to complete second
synchronous divisions (s2:t4–t3), and the time to complete third synchro-
nous divisions (s3:t8–t5)

Fig. 5 Comparison of apoptotic transcript levels (mean ± SD) between
two groups. Independent Samples t test, *p value < 0.05 was significant

Fig. 4 Comparison of sperm apoptosis range between the groups. Mann–
Whitney test, median ± I.Q, p value < 0.0001 was significant
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miscarriage rates in unselected infertile patients and two pre-
vious ICSI failures [44–47]. These findings can be explained
by the fact that during ICSI, morphological assessment of the
sperm nucleus takes place at × 400. These conflicting results
might have occurred due to differences in inclusion criteria,
stimulation protocols, seminal and oocyte qualities, along
with many other confounding variables within the IVF cycles.
On the other hand, this technique is not recommended for all
ART patients. Recent studies reported that IMSI is preferential
for both severe male factor patients and repeated ICSI failures
[19, 21, 48]. It is noteworthy that more prospective random-
ized trials are required to confirm the superiority of IMSI over
conventional ICSI in certain infertile populations.

Sperm DNA fragmentation

The capacity of human spermatozoa to fertilize and produce a
good-quality embryo with a high implantation and develop-
mental potential depends on its DNA integrity. During sper-
matogenesis, harmful effects could occur that affect the chro-
matin condensation and DNA integrity. Avendano and co-
workers [49] demonstrated that DNA fragmentation in mor-
phologically normal spermatozoa had a significant negative
effect on embryo quality and pregnancy outcome in ICSI pa-
tients. Interestingly, our TUNEL results showed that sperma-
tozoa that were selected with MSOME presented lower per-
centage of DNA fragmentation, and the generated embryos
were of better quality than ICSI embryos. However, there
was no correlation between sperm DNA fragmentation with
embryo kinetics and clinical outcomes. This difference may
be a result of the mixed origin of infertility. Moreover, it is
difficult to isolate the real influence of SDF in clinical settings
because, while sperm DNA integrity can be evaluated, the
oocyte repair capacity remains a problem.

It is well established that high-quality gametes are required
to produce top-quality embryos, and that both the sperm and
oocyte genomes contribute to the embryonic genome [50]. A
number of studies have shown that abnormalities in the pater-
nal DNA and chromatin adversely impact on embryo quality
[11, 51–53]. In line with our study, Kohn et al. [54] showed
morphologically abnormal spermatozoa is likely to be related
to reduce sperm DNA integrity.

The literature in this regard is conflicting, some authors
recommended that measurement of sperm DNA frag-
mentation and chromatin integrity is an important prog-
nostic tool for various natural conception and ART
practice [11, 55]. Also, other studies showed that some
of the sperm parameters and high SDF levels had influ-
ential roles on embryo kinetics in patients with male
factor infertility. They suggested application of advance
methods for selecting spermatozoa with intact chromatin
[12, 18].

Apoptotic genes transcript levels profile

In the present study, for the first time, the transcript levels of
apoptotic genes in IMSI and ICSI spermatozoa were evaluated
for patients with male infertility. The results showed the tran-
script levels of proapoptotic genes were significantly lower in
the IMSI group compared with ICSI. On the other hand, the
transcript levels of the antiapoptotic gene was higher in the
IMSI group than ICSI. In other words, sperm selection at high
magnification may cause selected spermatozoa with healthy
DNA and reduced transcript levels of apoptotic genes. Also,
this result confirmed our findings in terms of TUNEL staining.
We do not have information on how genes are expressed and
proteins formed in the spermatozoa following this level of
transcription of apoptotic genes. As already mentioned, sperm
DNA damage may be repaired by the oocyte genome. Current
data may not be useful and practical, but this is the first step in
examining the expression of sperm apoptosis genes and their
effects on embryo quality and clinical outcomes in IMSI and
ICSI cycles. This was the first study that evaluated sperm
apoptotic genes transcript levels in IMSI and ICSI groups
and their correlations with embryo kinetics and clinical out-
comes. The findings showed a moderate negative correlation
between transcript levels of Caspase 3 with s2 and s3 in the
IMSI group. We did not notice this relationship in the ICSI
group, which could be related to the speed of divisions in this
group that was faster than normal. Also, the transcript levels of
proapoptotic genes were significantly higher in this group.
But, in the IMSI group, the speed of division was within
normal range according to Herrero et al. [32], and the tran-
script levels of proapoptotic genes were lower. It was ob-
served that with increasing transcript levels of Caspase 3, the
time of second and third synchronization were decreased.

There was no relationship between sperm apoptotic tran-
script levels and clinical outcomes in two groups. It was better
to culture embryos in TLI to blastocyst stage and evaluate
them. This was one of the limitations of our study. In addition,
the low sample size and limitation of time and budget could
affect the results. Therefore, a large study in this field is
needed.

Conclusion

Sperm selection with MSOME parameters and IMSI can im-
prove the embryo quality and clinical outcomes. Based on
timing parameters and cleavage patterns made possible by
TLI, present data agree that the IMSI procedure has better
embryo kinetics and clinical outcomes than ICSI. In addition,
there was lower percentage of DNA fragmentation and tran-
script levels of apoptotic genes in MSOME selected sperma-
tozoa. There was a moderate negative correlation in transcript
levels of Caspase 3 with s2 and s3 timings in IMSI group.
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Moreover, there was no relationship between apoptosis gene
transcript levels and clinical outcomes in two groups. So,
these noninvasive techniques can be applied for advancing
the success rates in assisted male reproduction.
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