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Abstract

Background and Objective: Antioxidant apigenin (AP) is a natural, non-mutagenic, and less toxic flavonoid with
pharmacological anti-cancer, anti-viral, anti-bacterial, anti-apoptotic, and anti-inflammatory activities. This antioxidant is
easily received by the cell, binds to sperm DNA, and forms a DNA-AP complex, thereby protecting sperm DNA. The present
study was conducted to determine the antioxidant effect of AP on human sperm quality after freezing-thawing.

Methods: In this descriptive-analytical study, 10 normozoospermic samples underwent freezing-thawing conditions, and
sperm functional tests were investigated in different AP concentrations, including 0.4 mM, 0.2 mM, 0.1 mM, and 0.05 mM.

Results: The quality of total sperm parameters and functional tests decreased after freezing compared to before freezing.
Among the AP concentrations, only in the 0.2 mM AP concentration, the improvement of the additional histone percentage,
protamine deficiency, and sperm DNA health were observed compared to the control; this finding was not statistically
significant.

Conclusion: The use of AP with a concentration of 0.2 mM during freezing-thawing culminates in improving sperm
functional tests.
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Introduction

atients with cancer and males with severe oligozoospermia or
P azoospermia are more likely to experience infertility problems due
to spermatogenesis dysfunction. Certain treatments (chemotherapy,
radiotherapy, and surgery) result in complications, such as impaired
spermatogenesis, decreased secretion of testosterone hormone, or sexual
dysfunction, which can influence the patient’s fertility and mental health.
Sperm freezing is a way to cope with this concern and preserve an
individual’s  fertility. The plasma membrane and the mitochondrial
membrane are vulnerable to freezing and any disruption in the activity of the
mitochondria may culminate in decreasing sperm motility and life.
Optimizing sperm preparation techniques, the nature of sperm freezing
medium, and freezing-thawing protocols should be able to minimize the
induction of cell apoptosis in sperm freezing and result in achieving more
success in assisted reproductive technologies using frozen sperm. The use of
two antioxidants, namely catalase and ascorbate, on human sperm freezing
medium by reducing DNA damage and imposing positive effects on
mitochondrial membrane function has given rise to improved sperm motility
and life after thawing. Adding vitamin E to human sperm freezing medium
as a non-enzymatic antioxidant has been shown to improve sperm motility
after freezing-thawing and has reduced DNA damage. So far, numerous
studies have been conducted on the human sperm freezing-thawing method
and several antioxidants or compounds have been used to maintain
functional health of sperm; however, there are still conflicting results in this
regard. An antioxidant that has a crucial function in lessening the impacts of
oxidative stress and temperature stress is apigenin (AP). According to the
authors’ search, no study has been conducted on the effect of AP on human
sperm function after freezing-thawing. Therefore, the present study was
conducted to determine the antioxidant effect of AP on human sperm quality
after freezing-thawing.

Methods

This descriptive-analytical study was conducted on 10 normozoospermia
samples at Royan Research Institute, Iran during 2020. Each sample was
collected in a sterile plastic container. It was then kept at room temperature
for 20-30 minutes to liquefy and analyzed according to the World Health
Organization (WHO) standard. After macroscopic examination of semen
(appearance quality, liquefaction, viscosity, and volume), microscopic
evaluation of semen, including sperm concentration, was performed using a
Meckler counter slide, sperm motility was evaluated using computer-assisted
sperm analysis (CASA) software, and sperm morphology was evaluated
using Papanicolaou staining. The sperm freezing protocol was implemented
based on the manufacturer’s (Vitrolife, Sweden) instructions. For sperm
sample thawing, we placed the freezing straw in water with a temperature of
35-37 °C, and 30 seconds were considered for the complete thawing of the
sample. Then, the contents of the straw were depleted into a 5 mL centrifuge
tube, and, afterward, sperm parameters and sperm functional tests were
performed. In order to achieve an optimal AP concentration, a dilution series
was first prepared. According to the previous studies, the dilution series
involved concentrations of 0.4 mM, 0.2 mM, 0.1 mM, and 0.05 mM. On
each of the 10 sperm samples, six groups were considered as follows.

The first group: The sample before freezing, which was a sperm sample
without AP before the freezing process; the second group (control): The
sample for freezing, which was the semen sample without AP after freezing;
the third, fourth, fifth, and sixth groups: Included AP concentrations of 0.4
mM, 0.2 mM, 0.1 mM, and 0.05 mM, respectively, which were placed in the
freezing-thawing process.

After one day, the thawing process was performed. Sperm motility, life,
and functional tests, including intracellular reactive oxygen species (ROS),
sperm lipid peroxidation, additional sperm histone, protamine deficiency,
and sperm DNA health, were evaluated before freezing and after thawing
each sample. Papanicolaou staining was used to assess sperm morphology.
Abnormalities were evaluated in three main parts of sperm, including head,
trunk, and tail, and the results were reported as the abnormal sperm
morphology percentage. Sperm lipid peroxidation level was evaluated by
BODIPY staining (Invitrogen | Thermo Fisher Scientific-USA). Sperm ROS

level was examined using flow cytometry and 2, 7-
dichlorodihydrofluorescein diacetate (DCFH-DA) staining. Chromomycin
A3 (CMAR) staining was used for the assessment of sperm chromatin
packaging and indirect observation of protamine deficiency. Sperm with
insufficient protamine content turned into light yellow and sperm with
sufficient protamine content turned into dark yellow. The results were
reported as sperm protamine deficiency percentage. In order to evaluate
sperm DNA health using acridine orange staining, a healthy sperm
population was detectable in green color and sperms with DNA damage in
red to yellow-orange colors. The results were reported as sperm DNA
damage percentage.

Results

The mean percentage of sperm life in the control group (without AP) after
freezing (36.14+4.52) compared to before freezing (68.43+3.55) and the
mean percentage of sperm motility after freezing (14.26 +6.33) compared to
before freezing (67.29+6.42) indicated a statistically significant reduction
(P<0.05). The mean percentage of sperm life in the groups treated with
concentrations of 0.05 mM, 0.1 mM, 0.2 mM, and 0.4 mM after freezing was
38.3745.17, 34.62+5.03, 41.93+5.38, and 33.37+5.06, respectively, and the
mean score of sperm motility after freezing was 10.45+2.91, 9.91+2.92,
11.13+2.18, and 5.79+2.89, respectively, compared to the control group not
treated with AP after freezing, which showed no significant changes;
however, the mean percentage of sperm motility in the groups treated with
AP (0.05, 0.1, 0.2, and 0.4 mM) showed a statistically significant effect
compared to the group before freezing (P<0.05). The mean percentage of
abnormal sperm morphology in the groups treated with AP (0.05, 0.1, 0.2,
and 0.4 mM) did not show any statistically significant effect compared to the
group before freezing. The mean percentage of sperm BIDOPY, the mean
percentage of sperm DCF, the mean percentage of additional histone of the
sperm nucleus, and the mean percentage of sperm DNA damage were not
statistically significant in the groups treated with AP with different
concentrations compared to the control group and the group before freezing.
The mean percentage of sperm protamine deficiency in the groups treated
with AP with different concentrations showed no statistically significant
difference compared to the control group. Additionally, the mean percentage
of sperm protamine deficiency in the groups treated with AP in different
concentrations was not statistically significant compared to the group before
freezing.

Conclusion

In the current research, the human sperm sample life before and after
freezing was assessed in different groups, and sperm life after freezing
decreased compared to the non-freezing sample. In this study, the AP
concentration of 0.2 mM after freezing had a better life than the other groups
after freezing; however, it was not statistically significant. Also, the amount
of intracellular ROS and lipid peroxidation before and after freezing were
examined in different groups. In different groups after freezing, no
significant  statistical ~difference  was found among different AP
concentrations. In the group of 0.2 mM AP, the improvement of sperm
additional histone percentage, protamine deficiency, and sperm DNA health
was observed, and no statistically significant difference was observed.
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Although the improvement of functional tests was observed after applying AP with a

concentration of 0.2 mM during freezing-thawing, further research with other AP concentrations

is required to specify the functional effect of using the antioxidant AP on sperm function.
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