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Prolonged semen incubation alters the biological
characteristics of human spermatozoa
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Objective: The present study assessed the biological characteristics of human spermatozoa at different time intervals (0, 1, 1.5, and 2 hours)
after incubation at 37°C.

Methods: Twenty-five normozoospermic semen samples were incubated at 37°C. Incubation was performed at four time intervals of O (after
liquefaction), 1, 1.5, and 2 hours. The samples were evaluated for sperm parameters at each time interval.

Results: The rate of sperm progressive motility decreased at 1.5 hours compared to 0 hours as well as 2 hours compared to 1 hour and 0
hours. The rate of non-motile spermatozoa also decreased after 2 hours compared to after 0 hours. No significant changes were observed in
sperm viability (p=0.98) and non- progressive motility (p=0.48) at any time intervals. Abnormal sperm morphology increased at 1.5 hours of
incubation time (p<0.001). No significant changes were observed in DNA fragmentation at 1 hour compared to 0 hours (median [interquar-
tile range]: 19.5 [4] vs. 19 [4]), as well as at 1.5 hours compared to 1 hour (20 [5]). However, a significant increase in DNA fragmentation was
observed at 1.5 hours compared to 0 hours. The mitochondrial membrane potential decreased remarkably after 1 hour of incubation time.
No significant differences were observed in the acrosome reaction or malonaldehyde levels at any time point (p=0.34 and p=0.98, respec-
tively).

Conclusion: The incubation of normozoospermic samples before use in assisted reproductive technology should be less than 1.5 hours to

minimize the destructive effects of prolonged incubation time on general and specific sperm parameters.
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Introduction

Infertility or low fertility refers to the inability of couples to achieve
pregnancy for 1 year, despite regular unprotected sexual intercourse,
according to the World Health Organization [1]. About 15% of cou-
ples have infertility-related problems and seek medical treatment for
infertility [2]. In general, 20% to 50% of infertility cases are related to
spermatozoa parameters [3]. At many clinics, common semen pa-
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rameters, such as count, morphology, and motility, are used to assess
sperm quality. The seminal fluid that is delivered to the laboratory for
analysis and use in assisted reproductive technology (ART) must be
sampled and stored under special conditions based on the World
Health Organization (WHO) protocol [4].

One of the most important factors affecting sperm quality is time:
both the time taken by an individual to deliver his sample to the lab-
oratory, and the time that the samples remain in the laboratory for
analysis. According to a previous study, the time from sample collec-
tion to transfer to the laboratory should not exceed 1 hour [5]. Sam-
ple incubation in the laboratory should also not take more than 2
hours [6]. In an andrology laboratory, semen samples are incubated
before analysis or use in ART. This incubation can be done at room
temperature (RT) or at 37°C, the latter of which is the usual incuba-
tion temperature [7]. The purpose of this incubation is the liquefac-
tion process, which may take about 15 to 30 minutes. However, ejac-
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ulates may be incubated longer in the laboratory before analysis or
use in ART.

Other specific parameters can be also assessed in order to assess
sperm health. One of the main factors is the sperm DNA status, which
can be checked for fragmentation, denaturation, or chromatin com-
pression [8]. Sperm DNA integrity plays an important role in ART
treatment cycles, and DNA damage has a considerable effect on clini-
cal outcomes [9]. Studies have shown that there is a significant re-
verse relationship between sperm DNA damage and embryo forma-
tion, fetal growth, and pregnancy [10]. The most common cause of
sperm DNA breakdown is oxidative stress [11]. In the male reproduc-
tive system, reactive oxygen species (ROS) are involved in many phys-
iological processes, including capacity building, hyperactivity, acroso-
mal reaction, and fertilization process [12]. Spermatozoa are vulnera-
ble to oxidative stress due to the presence of abundant unsaturated
fatty acids on the surface of the plasma membrane and the lack of
protective enzymes in the cytoplasm [13]. The presence of ROS pro-
duced by sperm and multinucleated leukocytes in semen can dam-
age sperm DNA [14]. In addition, the mitochondria are another factor
affecting sperm health. The main function of sperm mitochondria is
to synthesize adenosine triphosphate (ATP) through oxidative phos-
phorylation. Although, the true contribution of mitochondrial-pro-
duced ATP in sperm is not fully understood, mitochondrial function is
related to sperm quality. Mitochondrial status plays an important role
due to its relationship with cell energy status and motility related to
male fertility [15].

It should be noted that sperm cells are not able to fertilize an egg
immediately after ejaculation. The acrosome reaction refers to the
structural and metabolic changes during which sperm acquire the
ability to fertilize an egg [16]. Studies have shown that damage to
the acrosome reaction may lead to infertility [17]. The aim of this
study was to assess the sperm parameters, ROS production, sperm
mitochondria, sperm chromatin, and acrosomal reaction in samples
of normozoospermic men at different time intervals (0, 1, 1.5, and 2
hours) after incubation at 37°C. To our knowledge, no previous stud-
ies have assessed the biological characteristics of spermatozoa at dif-
ferent time intervals using neat seminal samples.

Methods

1. Participants and study design

Samples were collected from 25 normozoospermic men (aged
20-40 years) referred to the Yazd Reproductive Science Institute from
August to October 2021. The samples were prepared in sterile con-
tainers by masturbation after 2-5 days of sexual abstinence. A con-
sent form was signed by all participants. This study was approved by
the Ethics Committee of Shahid Sadoughi University (IR.SSU.MEDI-
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CINE.REC.1400.132).

2. Semen preparation and analysis

The semen samples were incubated at 37°C without washing or
adding solution. Incubation was performed for four different time in-
tervals: 0 (after liquefaction for 10-15 minutes), 1, 1.5, and 2 hours.
Samples were evaluated for sperm parameters at each time interval.

Sperm analysis was performed according to the WHO guidelines
[18]. To evaluate sperm motility, 10 L of the sample was placed on
the slide. A contrast phase microscope (Nikon, Tokyo, Japan) was
used to assess 200 spermatozoa in five fields at x 200 magpnification.
Sperm motility was reported as the non-motile, non-progressive,
and progressive motility percentages [18]. Sperm viability was as-
sessed by eosin-Nigrosin staining. In this method, 10 pL of the sam-
ple was mixed with 10 pL of Eosin-Nigrosin. After 30 seconds, 10 pL
of the mixture was placed on a slide and a smear was prepared.
Then, 200 sperm cells were examined with a light microscope
(% 1,000 magnification). Dead sperm cells were stained pink or red,
while viable sperm remained colorless [18]. Finally, the percentage of
live spermatozoa was reported.

Diff-Quick staining kit (Dian Bio assay, Tehran, Iran) was used to
evaluate sperm morphology. In this method, 10 pL of the sample
was placed on a slide and a smear was prepared. After drying, the
smear was fixed with 95% ethanol. The slide was then stained with
eosin for 10 seconds and methylene blue for 5 seconds. The slides
were finally rinsed with tap water. After slide drying, 200 sperm cells
were evaluated by light microscopy (x 1,000 magnification). The
percentage of normal spermatozoa was reported [18].

3. Sperm chromatin dispersion test

A halo sperm kit (SDFA kit; Ideh Varzan Farda, Tehran, Iran) was
used to assess the sperm chromatin condition. This method is not
complicated and time-consuming, although it is economical [19]. In
brief, 20 pL of low-melting agarose was combined with 50 pL of se-
men samples. Then, 20 WL of the mixture was placed on the precoat-
ed glass slide. A coverslip was placed on the drop to spread evenly
over the slide. The slide was placed in the refrigerator at 4°C for 5
minutes. Next, the coverslip was slowly removed from the slide and
the denaturing solution (A) was added. The slides were kept in a dark
room at RT for 7 minutes. The lysing solution (B) was added to the
slide and placed at RT for 15 minutes. The slide was washed with dis-
tilled water for 5 minutes. For dehydration, the slides were immersed
in 70%, 90%, and 100% ethanol solutions for 2 minutes, respectively,
and dried for 2 minutes at RT. First, the slides were stained with solu-
tion C for 75 seconds, then solution D for 3 minutes and finally solu-
tion E for 2 minutes. After that, the slides were washed with distilled
water and 200 sperm cells were examined with bright-field micros-
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copy (x 1,000). The DNA fragmentation rate was evaluated accord-
ing to halo formation around the sperm head. A medium or large
halo around the sperm head indicated DNA without fragmentation,
and the absence of a halo represented fragmented DNA [20]. The
percentage of sperm with fragmented DNA (no halo) was reported.

4. Acrosome reaction assessment

For acrosome reaction evaluation, 10 pL of the sample was placed
on a slide and a smear was prepared. After smear drying in air, the
sample was fixed with 95% ethanol. Then, the slides were stained
with 25 pL of fluorescein isothiocyanate-conjugated Pisum sativum
agglutinin solution and incubated at 4°C for 1 hour. The slides were
washed with distilled water and air-dried. Later, the slides were eval-
uated with a fluorescent microscope at 450-495 nm under x400
magnification. The sperm with the acrosome reaction had a fluores-
cent band in the middle, while the rest of the parts did not have a
fluorescent color, and more than half of the head of the sperm with-
out the acrosome reaction was bright [21]. The percentage of sper-
matozoa with the acrosome reaction was reported.

5. Evaluation of sperm mitochondrial membrane potential
The mitochondrial membrane potential (MMP) was evaluated us-
ing a JC1 kit (Cayman, Ann Arbor, MI, USA). First, 25 pL of the sample
was mixed with 25 pL of JC-1 dye in a microtube and incubated in a
CO, incubator at 37°C for 15-30 minutes. After incubation, 100 L of
phosphate-buffered saline was added to the samples. Each sample
was centrifuged at RT for 5 minutes at 400 x g and then the super-
natant was gently removed. Then, 10 L of the sample was placed on
a slide and a smear was prepared. After the smear was dried, 200
spermatozoa were assessed with a fluorescent microscope under
% 1,000 magnification at 520-570 nm. Sperm cells with a red or

Table 1. Effect of different incubation times on sperm parameters
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shiny middle piece were considered to have high mitochondrial po-
tential, or JC-1(+), and sperm cells with a green middle piece were
considered to have low mitochondrial potential, or JC-1(-) [22]. The
percentage of cells with high mitochondrial potential, denoted as JC-
1(+), was reported.

6. Assessment of semen malondialdehyde levels

The amount of malondialdehyde (MDA) in the samples was mea-
sured by aTPR kit (Teb Pazhoohan Razi, Tehran, Iran). First, 100 pL of the
sample was poured into a microtube and 100 pL of the standard solu-
tion was added. Then, 100 pL of reagent (R4) and 200 pL of chromogen
were added to the microtube. The microtube was first placed in a hot
water bath for 1 hour, and then on ice for 10 minutes. The sample was
finally centrifuged at 4°C for 15 minutes, and 200 pL of the samples
were placed in the plate wells and inserted into the plate reader. The
absorption rate was recorded by the device at 530-540 nm.

7. Statistical analysis

Data were analyzed in IBM SPSS ver. 26 (IBM Corp., Armonk, NY,
USA). The Kolmogorov-Smirnov test was used to evaluate the nor-
mality of the data. Certain data was shown to be non-parametric dis-
tribution, the Friedman test was used to evaluate the trends. In addi-
tion, multiple comparisons among different times were performed,
and the Bonferroni correction was used to adjust the statistical sig-
nificance. A p-value <0.05 was considered to demonstrate a statisti-
cally significant difference in the Friedman test.

Results

1. Effect of different incubation times on sperm parameters
The results of different incubation times on sperm parameters are

Incubation time (hr)
Sperm parameter p-value
0 1 15 2

Progressive motility (%) 55.14+12.03" 52.82+9.59” 50.45+10.25 48.45+10.22 <0.001?
Median (IQR) 20(17) 50(15) 48(14) 49(13)

Non-progressive motility (%) 2.86+2.35 2.86+2.25 264+2.77 282+2.73 0.997
Median (IQR) 2(4) 2(3) 2(3) 2(5)

Non-motility (%) 4250+11.65° 4432+948 46.41+10.34 48.68+10.22 <0.001?
Median (IQR) 46(17) 485(12) 48.5(16) 50.5(12)

Viability (%) 80.91+11.50 80.05+13.81 7895+ 1552 7941+13.72 0.986
Median (IQR) 85.5(15) 85.5(17) 85(18) 84.5(17)

Normal morphology (%) 75545519 7.32+6.46 6.00+5.72 568+6.21 <0.001?
Median (IQR) 5(4) 45(5) 45 (4) 35(5)

Values are presented as meanztstandard deviation unless otherwise indicated.

IQR, interquartile range.

9p<0.001: vs. 1.5 hr, p<0.001: vs. 2 hr; "p<0.001: vs. 2 hr; °p<001: vs. 2 hr; p=0.004: vs. 1.5 hr, p<0.001: vs. 2 hr; *Considered significant.
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shown in Table 1. Briefly, after 1.5 hours and 2 hours, both progres-
sive motility and normal morphology decreased compared to 0
hours and 1 hour. Furthermore, the percentage of non-motile sperm
increased after 2 hours compared to 0 hours. No significant changes
were observed in non-progressive motility (p=0.48) and viability
(p=0.98) at any time intervals.

2. Effect of different incubation times on sperm chromatin/
DNA and the acrosome reaction

After incubation, sperm DNA fragmentation increased significantly
(Figure 1). No significant changes were observed at 1 hour compared
to 0 hours (median [interquartile rangel: 19.5 [4] vs. 19 [4]), as well as
at 1.5 hours compared to 1 hour (20 [5]). However, a significant in-
crease in DNA fragmentation was observed at 2 hours compared to
0 hours and at 1 hour and at 1.5 hours versus 0 hours. The effects of
incubation on the acrosome reaction are shown in Figure 2. No sig-
nificant differences were observed at 0, 1, 1.5, or 2 hours.

3. Effect of different incubation times on MDA levels and MMP

As presented in Figure 3, no significant changes were noted after
incubation in semen MDA levels. The effects of different incubation
times on the MMP are presented in Figure 4. No significant difference
in the MMP was observed at 1 hour compared with 0 hours (p=0.11)
and at 1.5 hours versus 1 hour (median [interquartile range]: 79.5
[11] vs. 80.5 [10]). However, the sperm MMP decreased significantly
at 2 hours compared to 0 and 1 hours and at 1.5 hours versus 0 hours
(p<0.001).
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Figure 1. Effects of different incubation times on sperm DNA
integrity. There were significant changes at 1.5 hours versus 0 hours
(p<0.001) and 2 hours (p<0.001). Furthermore, at 1 hour versus 2
hours (p<0.001), a significant increase in DNA fragmentation was
observed.
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Discussion

The aim of this research was to investigate the most suitable time
intervals for semen incubation in the laboratory for common and
specific sperm parameters, such as DNA fragmentation, the acro-
some reaction, MMP, and MDA production levels. The significant
contribution of this research was its documentation of the effects of
different time intervals on the semen preparation procedure, which
is expected to help professionals choose the optimal conditions. The
data showed that sperm motility changed at different time intervals.
A decreasing trend was observed in the percentage of progressive
motility after longer incubation periods. The percentage of progres-
sive motile sperm decreased after 1.5 hours compared to the previ-
ous times. Moreover, when the incubation time exceeded 1.5 hours,
the percentage of immotile spermatozoa in semen samples in-
creased significantly. Sperm abnormal morphology, as well as DNA
fragmentation, increased beyond 1.5 hours of incubation time. The
MMP decreased remarkably after 1 hour of incubation time.

In the process of sperm preparation for different uses, especially in
ART procedures, the incubation of semen at 37°C plays a crucial role
[6]. Prolonged incubation of spermatozoa is performed in order to
accommodate delays in oocyte preparation and pick-up, oocyte
maturation, and rescue intracytoplasmic sperm injection (ICSI) [23].
Since the last decade, the assessment of spermatozoa incubation in
laboratories has been a matter of debate. Although the influence of
incubation time on conventional parameters of semen was investi-
gated previously [24], specific factors, such as the acrosome reaction,
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Figure 2. Effect of different incubation times on the acrosome
reaction (AR) in sperm. No significant differences were found in the
AR according to time (p=0.34).
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Figure 3. Effect of different incubation times on semen malonaldehyde
(MDA levels. No significant correlation was found between incubation
time and semen MDA levels (p=0.98).

DNA fragmentation, MMP, and MDA production levels, required
more attention. Ouitrakul et al. [25] demonstrated that sperm motili-
ty decreased after 1 hour of incubation at RT, while the sperm viabili-
ty was affected after 2 hours. The viability assessment in their study
did not significantly change before 2 hours of incubation, which is in
agreement with our findings. Furthermore, progressive motility de-
creased significantly after 2 hours, which is in agreement with the
above study. Nematollahi et al. [26] showed that the percentage of
progressive motile spermatozoa decreased in both the RT and 37°C
groups compared to the fresh group (control). Furthermore, similar
to our findings, more immotile spermatozoa were observed at 24
hours at 37°C than in the fresh group. In the current study, we ob-
served that semen incubation induced morphological changes in
sperm heads. Peer et al. [27] showed that the percentage of sperma-
tozoa with vacuolated nuclei increased after 2 hours of incubation.
Ahmed et al. [28] also reported that abnormal sperm morphology in-
creased after 5 hours of incubation at 37°C. Our findings showed an
increase in sperm abnormal morphology at 1.5 hours of incubation,
which is similar to the previous studies. Another adverse effect of in-
cubation is DNA fragmentation. Our findings were similar to those of
Nabi et al. [6], who reported a significant increase in DNA fragmenta-
tion after 2 hours of incubation. Alvarez Sedo et al. [29] also showed
that DNA fragmentation of semen prepared by the swim-up method
significantly increased after 4 hours of incubation, which is in agree-
ment with this study. The production of ATP is one of the main func-
tions of mitochondria, which are required primarily for sperm motili-
ty and cellular events involved in capacity, hyperactivity, and the ac-
rosome reaction. The MMP decreased notably after 1 hour of incuba-
tion. Zhu et al. [30] showed that incubation of sperm after 6 hours in
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Figure 4. Effect of different incubation times on the mitochondrial
membrane potential (MMP), as measured using the JC-1 assay.
The mitochondrial membrane temperature was reduced with long
incubation of spermatozoa. Significant changes were observed at 1.5
hours versus 0 hours (p<0.001), as well as at 2 hours versus 0 hours
(p<0.001) and at 2 hours versus 1 hour (p<0.001).

a low-glucose solution led to reductions in both ATP levels and the
MMP. An acrosomal cap covers about 40% to 70% of the anterior re-
gion of the sperm nucleus. Acrosomes contain hydrolyzing enzymes
that are released to digest oocytes during the acrosomal reaction.
The hyperactive conditions related to the acrosome reaction result in
the penetration of sperm into the zona pellucida and interactions
with the oocyte. In the current study, the acrosome reaction did not
change significantly at different time intervals. By increasing time in-
tervals, adverse results may be encountered. It has been suggested
that sperm DNA fragmentation may be related to apoptosis events
and oxidative stress. Sperm cells are very vulnerable to damage in-
duced by ROS, because the sperm membrane contains large
amounts of polyunsaturated fatty acids. MDA, as an indicator of oxi-
dative damage, is an end product of lipid peroxidation of the sperm
membrane, which can affect sperm structure, and function.

At infertility centers, to perform ART cycles, sperm cells should be
prepared and kept for approximately 2 hours in a 37°C incubator or
at RT before microinjections, which may have destructive effects on
clinical outcomes. In this regard, Pujol et al. reported that the rate of
clinical pregnancy decreased due to a long time period between oo-
cyte pick-up and ICSI [31]. Altogether, this study suggests that the
ideal incubation time to reduce the adverse effects on vital semen
parameters should be less than 1.5 hours, which may contribute to
better clinical outcomes for infertile individuals. This information
may also encourage patients to deliver their samples to the laborato-
ry within the optimal period of time. Therefore, in andrology labora-
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tories, paying attention to the incubation time in semen preparation
protocols and ART performance is a noteworthy issue.

The incubation of normozoospermic samples before use in ART
should be less than 1.5 hours to minimize the possible destructive
effects of a prolonged incubation time on specific sperm parameters.
Although sperm with prolonged incubation can fertilize oocytes, the
clinical outcomes may be altered.
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