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Abstract

Cryopreservation, the most popular way to preserve human sperm, led to a significant decline in sperm motility. Here, we tried to
introduce a new method to store sperm without freezing. Different concentrations of genistein were added to liquid preserved
sperm. We investigated the effects of supplementation on sperm total antioxidative capacity (T-AOC), glutathione(GSH), methane
dicarboxylic aldehyde (MDA), acrosomal enzyme activity, and fertilization ability of sperm. The effects of liquid storage and
cryopreservation on sperm parameters were also compared. IVF medium supplemented with genistein (20pumol L) maintained
sperm motility for up to 11 days. The addition of genistein led to a decrease in reactive oxygen species (ROS) generation that
demonstrated an effective improvement in sperm motility and decreased the MDA production and maintained the GSH content and
enhanced the oxidative stress resistance ability of the sperm during liquid storage. The storage sperm were used for intracytoplasmic
sperm injection(ICSI) into human oocytes and activated oocytes successfully. Sperm stored in liquid medium containing genistein
was superior to sperm stored in liquid nitrogen in terms of antioxidant stress and fertilization ability. We confirmed that genistein
could be used as an antioxidant for the liquid storage of sperm. Sperm stored in an IVF medium with genistein could avoid
cryodamage, which may become an alternative option in assisted reproduction technology. (Afr J Reprod Health 2022; 26[7]: 72-
82).
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Résumé

La cryoconservation, le moyen le plus populaire de conserver le sperme humain, a entrainé une baisse significative de la motilité
des spermatozoides. Ici, nous avons essayé d'introduire une nouvelle méthode pour stocker le sperme sans le congeler. Différentes
concentrations de génistéine ont été ajoutées au sperme conservé liquide. Nous avons étudié les effets de la supplémentation sur la
capacité antioxydante totale des spermatozoides (T-AOC), le glutathion (GSH), le méthane dicarboxylique aldéhyde (MDA),
I'activité enzymatique acrosomique et la capacité de fécondation des spermatozoides. Les effets du stockage liquide et de la
cryoconservation sur les paramétres du sperme ont également été comparés. Le milieu de FIV additionné de génistéine (20 pumol
L-1) a maintenu la motilité des spermatozoides jusqu'a 11 jours. L'ajout de génistéine a entrainé une diminution de la génération
d'espéces réactives de I'oxygene (ROS) qui a démontré une amélioration efficace de la motilité des spermatozoides et a diminué la
production de MDA et a maintenu la teneur en GSH et a amélioré la capacité de résistance au stress oxydatif du sperme pendant le
stockage liquide. Les spermatozoides de stockage ont été utilisés pour I'injection intracytoplasmique de spermatozoides (ICSI) dans
des ovocytes humains et des ovocytes activés avec succes. Le sperme stocké dans un milieu liquide contenant de la génistéine était
supérieur au sperme stocké dans de I'azote liquide en termes de stress antioxydant et de capacité de fécondation. Nous avons
confirmé que la génistéine pouvait étre utilisée comme antioxydant pour le stockage liquide du sperme. Le sperme stocké dans un
milieu de FIV avec de la génistéine pourrait éviter les cryodommages, ce qui pourrait devenir une option alternative dans la
technologie de reproduction assistée. (Afr J Reprod Health 2022; 26[7]: 72-82).

Mots-clés: Antioxydant, technologie de procréation assistée, RSO, motilité des spermatozoides, conservation du sperme

Introduction Nevertheless, sperm crypreservation is associated

with risks such as the reduction in sperm motility
Sperm cryopreservation is an established and and viability, and increased rate of DNA
appealing option of male fertility preservationl.  fragmentation®®. After cryopreservation, all these

African Journal of Reproductive Health July 2022; 26 (7):72



Jiao et al.

effects will reduce the fertilization ability of human
sperm’. Alternative methods are required for the
negative effects of sperm cryopreservation.

So far, some simple methods of sperm
storage without freezing are reported. In animals,
many methods of sperm preservation without
freezing have been tried, such as preservation in
sugars or salt® and the evaporative drying®°. In
humans, sperm were attempted to be stored in a
buffer containing egg yolk, Tris, and TES without
freezing up to 96 h'13, However, sperm motility
declined rapidly when sperm were stored in the
buffer for 24h'3. It was reported that the frequency
of structural changes increased when sperm
chromosomes were evaluated after preservation'*
15 Therefore, storage in this medium was
considered mostly ineffective!®'’.

During sperm preservation, the occurrence
of reactive oxygen species (ROS) would lead to
oxidative stress'®, The damage to sperm induced by
ROS results in lipid peroxidation, which is caused
by oxidative damage to sperm phospholipid-bound
polyunsaturated fatty acids'®?°. There are various
impacts of lipid peroxidation, such as decreased
sperm motility, irreversible changes in sperm DNA
and leakage of intracellular enzymes?. It also
affects sperm penetration and prevents sperm-
oocyte fusion??. Thus, sperm preservation
techniques, including genistein supplementation
during liquid storage, that have little or no adverse
effects on sperm have emerged in recent years.

Genistein is an antioxidant that can be
applied to sperm preservation to reduce the ROS.
Genistein inhibits protein tyrosine kinases and
shows estrogen activity”®. It modifies the
capacitation and acrosome reaction process of
mature sperm. Therefore, it affects a lot of
functional parameters of mature sperm. In addition,
the antioxidant capacity of genistein has been
widely studied in vitro and also in vivo*?®,
Furthermore, genistein can protect sperm DNA
integrity through antioxidant activity?®.

In this study, we investigated the effects of
the addition of genistein during liquid storage on
sperm motility, T-AOC, GSH, MDA, acrosomal
enzyme activity and fertilization ability of sperm.
We compared the method of sperm storage in liquid
with the traditional method of cryopreservation and
found a new method to preserve sperm without
freezing. Using this fundamental information, it
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would be possible to reduce the damage to sperm
and improve the preservation process in ART.

Methods

Human sperm samples

The present study was approved by the institutional
ethics committee review board of the Affiliated
Yantai Yuhuangding Hospital of Qingdao
University, Shandong, China. All men gave written
informed consent prior to the start of the study. All
semen samples were obtained from patients by
masturbation who came for a semen analysis. These
patients were abstinent from sexual activity for 2-7
days. Samples were collected into sterile containers
and liquefied at room temperature. The samples
were assessed for volume, pH, sperm concentration,
percentage of sperm motility, percentage of normal
morphology, and these analyses were according to
the World Health Organization (WHO)
guidelines?.

Sperm preparation

Briefly, when the semen sample completed the
liquefaction reaction, the entire semen was eased on
the gradient medium consisting of 1.5 ml of 90%
gradient medium and 1.5ml of 45% gradient
medium. Afterward, the column was centrifuged at
300xg for 20 min at room temperature. After the
centrifugal procedure, the pellet sperm was
resuspended in 2ml washing medium which was
similar to medium used for storage. Then, the sperm
was centrifuged again at 500xg for 10 min. At last,
the supernatant part was separated and storage
medium was added to the pellet to make a final
concentration of 30-40x10° sperm/ml. It was then
divided into a 1.5 ml tube with 0.5 ml sperm
suspension /tube, sealed with mineral oil and stored
for days at 24-26°C.

Sperm storage

Sperm were preserved in these four different media,
including IVF (10136, Vitrolife, Sweden), Human
Tubal Fluid medium (MR-070-D, Sigma, USA),
FM(K-SIFM-100, Cook, Australia) and PBS(Sers,
China). Genistein was purchased from Sigma
Chemical Co (G-6649, USA) and dissolved in
DMSO (D2650, Sigma, USA) to yield a 10 mmol
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L" stock solution. The stock solution was divided
into aliquots and frozen at -20°C. The stock solution
was diluted to the working solution with medium at
the time of use. The cryopreservation method of
sperm was as follows: the semen was centrifuged at
500xg for 10 min. Then, part of seminal plasma was
removed and added equal volume cryoprotectant
(ORIGIO, Denmark) and mixed well. Afterwards,
the mixture was added to a 1.5 ml sperm
cryopreservation tube and balanced at room
temperature for 10min and fumigated above liquid
nitrogen for 30 min. Finally, it was put into liquid
nitrogen storage.

Sperm motility analysis

Sperm motility was analyzed by a computer-
assisted sperm analyzer (CASA) system (IVOSII,
Hamilton, USA). Then, a 5-uL drop aliquot of
sperm suspension was placed on a pre-warmed
microscope slide and overlaid with a 22 mm? cover-
slip. The slide was observed with a phase contrast
microscope at 200 x magnification. Ten fields of
view were evaluated and counted a minimum of
1000 sperm per sample. Sperm with a VAP <10 um
s 1 were considered immotile.

Intracellular
measurement

glutathione (GSH)

Sperm samples were prepared as previously
reported # with modifications. Briefly, 0.1 ml
sperm suspension was placed in a centrifuge tube
and centrifuged at 800xg for 15 min. After the
supernatant was removed, the resulting sperm pellet
was washed twice in Ca?/Mg?*-free PBS by
centrifugation at 400xg for 10 min. To release the
intracellular content, the cells were broken by three
cycles of rapid cooling in liquid nitrogen followed
by thawing at 37°C. Then, the resulting cell
suspension was centrifuged at 7000xg for 10 min to
remove membrane fragments, and the supernatant
was stored at —80°C until analyzed.

Intracellular GSH content was determined
using a modified coupled optical test system?. In
this system glutathione is oxidized by 5,5-dithiobis-
(2-nitrobenzoic acid) (DTNB) and then reduced by
glutathione reductase with NADPH as hydrogen
donor. During the oxidation of glutathione by
DTNB, 2-nitro-5 thiobenzoeic acid is formed,
which can be detectedphotometrically by a change
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of absorption at 412nm. The content of reduced
glutathione (GSH) is calculated according to a
standard curve.

Total antioxidative
measurement

capacity  (T-AOC)

T-AOC was measured with commercial kits using
enzymatic methods (Jiancheng Technology,
Nanjing, China). The determination of T-AOC
followed the operating manual. Sperm were
centrifuged at 800xg for 10 min at room
temperature to obtain supernatant. The supernatant
recovered was stored at -80°C before use. Briefly,
1000ul Reagent 1, 100ul sample, 2000l Reagent 2
and 500ul Reagent 3 were used for the reaction. The
control tube contained Reagentl, Reagent 2 and
Reagent 3 without the addition of sample. The
sample tube and the control tube took a 30 minute
water bath at 37°C. Then 100ul Reagent 4 was
added to the tubes and 100ul sample was added to
the control tube. The last absorbance was taken at
the end of the incubation period (10 min after the
mixing). The absorption value was measured at
520nm. This assay relies on the ability of
antioxidants in the sample to reduce Fe3*-TPTZ to
Fe?*-TPTZ. The absorption value of the sample
tube was corrected by the absorption value of the
control tube.

Methane  dicarboxylic
measurement

aldehyde(MDA)

MDA was measured with commercial Kits using
enzymatic methods (Jiancheng Technology,
Nanjing, China). The determination of MDA
followed the operating manual. Sperm were
centrifuged at 800xg for 10 min at room
temperature to obtain supernatant. The supernatant
recovered was stored at —80°C before use. Briefly,
100ul Reagentl, 100ul sample, 3000ul Reagent 2
and 100pl Reagent 3 were used for the reaction. The
control tube contained Reagentl, Reagent 2 and
Reagent 3, and ethanol was added instead of the
sample. The nozzle of the tubes were tightly
covered with plastic film and a hole was punctured
on top. The sample tube and control tube took a 40
minute water bath at 95°C and then centrifuged at
800xg for 10 min to obtain the supernatant. The
absorption value of the supernatant was measured
at 532nm. This determination depends on the
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reaction of MDA with TBA, which chemically
binds to form another red substance. The red
substance has a maximum absorption peak at
532nm. The absorption value of the sample tube
was corrected by the absorption value of the control
tube.

Acrosomal enzyme activity measurement

Acrosomal enzyme activity was measured with the
quantitative assay kit (Huakang Medicine,
Shenzhen, China). A modified Kennedy method
was used to detect the acrosomal enzyme activity of
sperm and follow the operating manual. The culture
medium containing 7.5x106 sperm was centrifuged
at 8000xg for 5 min to obtain the pellet at the
bottom of the tube. After the supernatant was
discarded, 100pul inhibitor was added to the tube and
mixed well. 1000pl reaction buffer and 100pl stop
buffer were added to the control tube, but only
reaction buffer was added to the sample tube. The
sample tube and the control tube took a 30 minute
water bath at 37°C, then 100pl stop buffer was
added to the sample tube. The tubes were
centrifuged at 4000xg for 5 min to obtain
supernatant. The absorption value of the
supernatant was measured at 410nm. This assay
relies on the reaction of arginine amidase with
nitroaniline, which chemically binds to form
another colored substance. The absorption value of
the sample tube was corrected by the absorption
value of the control tube. The value was calculated
as follows: (sample OD-control OD) x10%
(247.5x7.5).

Intracytoplasmic sperm injection

The MlI-stage oocytes used for ICSI were collected
from MI-stage oocytes discarded by ICSI patients,
which cultured in IVF medium for 20-24h in vitro.
Sperm with the fastest movement and normal
morphology were selected for injection. After
injection, oocytes were transferred to GI medium
(10128, Vitrolife, Sweden) and cultured at 37.0°C.
The fertilization rate of oocytes was scored after
microinjection for 17-20h. The oocytes with two
well-developed pronuclei and extruded second
polar body were considered activated. On day 3, a
quality score was given for cultured embryos, and
those with 7-9 uniformly sized cleavage balls and a
fragmentation rate of less than 20% were
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considered high-quality embryos. Embryos were
transferred to GII medium (10132, Vitrolife,
Sweden) for further development on the afternoon
of day 3. On day 5 and day 6, only blastocysts with
dilated blastocyst cavity, clearly visible inner cell
masses and compact trophoblast cells were
considered as available blastocysts.

Statistical analysis

There were at least three replicates for each
treatment. Percentage data were arc sine
transformed and analyzed with ANOVA when each
measure contained more than two groups or with an
independent t-test when each measure had only two
groups; a Duncan multiple comparison test was
used to locate differences. The software used was
Statistics Package for Social Science (SPSS 11.5;
SPSS Inc., Chicago, IL, USA). Data were expressed
as mean + S.E.M. and P<0.05 was considered
significant.

Results

Effect of seminal plasma on sperm motility

Sperm motility declined rapidly when stored as an
unwashed semen (Figure 1A) and on day 5, average
sperm motility was less than 1%. When the ratio of
seminal plasma was more than 50%, sperm motility
decreased quickly compared with sperm without
seminal plasma (p<0.05). Unwashed semen storage
caused rapid deterioration of sperm. It was not
suitable for sperm storage.

Effect of different media on sperm motility

The motility of sperm stored in HTF and PBS
medium decreased rapidly on the first day
compared to sperm stored in IVF and FM medium.
On day 3, the motility of sperm stored in FM
medium began to decrease quickly, about a 50%
reduction. The motility of sperm preserved with
IVF medium was maintained longer than that of
sperm stored in FM medium (Figure 1B). The
average motility of sperm stored in IVF and FM
medium for 5 days was 44.3£7.0% and 21.7+£5.9%
(p<0.05) respectively, about two times. Sperm
motility in IVF medium was much better
maintained than in FM medium. Thus, in the
following experiments, sperm were always stored
in IVF medium.
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Figure 1: Effects of different media and proportions of seminal plasma on the motile sperm percentages

(A) Sperm were stored in IVF medium with different proportions of seminal plasma at 24-26°C for 5 days. Sperm motility was
assessed every other day. (B) Sperm were stored in IVF, HTF, PBS and FM medium, free of seminal plasma at 24-26°C for 5 days.
Sperm motility was assessed every other day. Each data point represents the mean + SEM.
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Figure 2: Effects of different concentrations of genistein supplementation on the motile sperm percentages. Sperm
were stored in IVF medium with different concentrations of genistein at 24-26°C for 11 days. Each data point represents the mean

+ SEM

Effect of different concentrations genistein on
sperm motility

With increasing duration of days, the decline in the
percentage of motile sperm is lower with the
addition of 20uM and 50uM separately to IVF

medium (Figure 2, P<0.05). However, sperm
treated with genistein (100uM) showed lower
motility than those without genistein (Fig.2,
P<0.05). No difference was found between adding
genistein (10uM) group and no adding genistein
group. The genistein (20uM) group maintained
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Figure 3: Effects of genistein supplementation on GSH, T-AOC, MDA, acrosomal enzyme activity of sperm

(A) Measurement of relative GSH content. (B) Measurement of relative T-AOC content. (C) Measurement of relative MDA
content. The data (A-C) of day 0 was set to one and the data of other days were compared with the data of day 0. (D) Measurement
of acrosomal enzyme activity. Each graph bar represents the mean £ SEM. Different letters within an assessment significantly

different at P <0 .05.

sperm motility better than the genistein (50uM)
group. The difference between the two groups was
statistically significant after 7 days of storage
(Figure 2, P<0.05). On day 7, the average motility
of the two groups was 61.0+3.6% and 42.0+4.0%,
respectively.

Effect of genistein and cryopreservation on
sperm ability to resist oxidative stress

The T-AOC and GSH decreased gradually, but the
addition of genistein could delay the decrease. On
day 5, the GSH levels in the media with genistein

20uM began to decrease significantly slower than
in the media without genistein (Figure 3A, P<0.05).
The two groups were also significantly different on
day 9 (Figure 3A, Figure 3B, P<0.05). The MDA
increased gradually, but the addition of genistein
could delay the increase. There were significant
difference between the two groups on day 9
(Figure 3C, P<0.05). The GSH and T-AOC were
also significantly reduced and the MDA was
significantly increased after the preservation of
sperm in liquid nitrogen (Figure 4A-C,
P<0.05), indicating that the ability of sperm to resist
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Figure 4: Effects of cryopreservation on T-AOC, GSH, MDA, acrosomal enzyme activity of sperm

(A) Measurement of relative GSH content. (B) Measurement of relative T-AOC content. (C) Measurement of relative MDA
content. The data(A-C) of day 0 was set to one and the data of other days were compared with the data of day 0.(D) Measurement
of acrosomal enzyme activity. “C”means sperm without liquid nitrogen preservation.“P”’means that sperm had been preserved in
liquid nitrogen. Each graph bar represents the mean + SEM. Different letters within an assessment significantly different at

P <0 .05.

Tablel: Effects of genistein supplementation and cryopreservation on sperm fertilization ability and embryo

development?

Treatments NO.of oocytes  NO. of NO. of NO. of NO.of available
injected oocytes embryos high quality blastocyst
fertilized(%)® cleavage (%)°¢  embryos(%)¢ formation(%)®
GOuM
Day 0 25 19(76) 17(95) 9(53) 5(29)
Day 1 27 22(81) 20(91) 9(45) 5(25)
Day5 23 16(70) 14(88) 5(36) 2(14)
Day 9 20 11(55) 9(82) 1(11) 0(0)
G20puM
Day 1 28 24(86) 22(92) 12(55) 7(32)
Day5 25 20(80) 18(90) 9(50) 5(28)
Day 9 21 14(67) 12(86) 3(25) 1(8)
Preservation 24 17(71) 15(88) 6(40) 2(13)

@1CSI was done with motile sperm only.
bPercentage was calculated from oocytes injected.

Percentage was calculated from oocytes fertilized.
dPercentage was calculated from embryos cleavage.
¢Percentage was calculated from embryos cleavage.

oxidative stress was significantly reduced. The results
showed that the antioxidant stress ability of sperm in

liquid storage for less than 5 days should be higher
than that of sperm after liquid nitrogen storage.
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Effect of genistein and cryopreservation on
acrosomal enzyme activity of sperm

From day 5, the activity of sperm acrosomal
enzyme was maintained by adding genistein, which
was significantly higher than that of the non-
additive group (Fig.3D, P<0.05). On day 9, the
acrosomal enzyme activity of sperm in the two
groups was 90.7£2.3ulU and 52.3+4.3ulU
(p<0.05) respectively, about two times. The
acrosomal enzyme activity decreased from
180.3+4.7ulU to 123.2+£5.7ulU after sperm were
stored in liquid nitrogen (Fig.4D, P<0.05). The
results showed that adding genistein may be an
optimal method to maintain the acrosomal enzyme
activity of sperm.

Effect of genistein and cryopreservation on
sperm fertilization ability

Sperm were stored in IVF medium with addition of
genistein (20uM) for different days and then used
for ICSI into human oocytes to assess their ability
to participate in assisted fertilization and embryo
development (Table.1). Fresh sperm were injected
as controls. Fertilization rates of oocytes were
similar except the group that sperm stored in IVF
medium without addition of genistein on day 9
when the motility of sperm was very low. There was
no difference in embryo cleavage rate between all
the groups. High quality embryo and blastocyst
formation of sperm without addition of genistein on
day 9 was significantly lower than that of other
groups. The results showed that the sperm
fertilization ability of genistein added on day 5 was
similar to that of fresh sperm. After the sperm were
stored in liquid nitrogen, the fertilization ability was
similar to that of the sperm without adding genistein
on day 5. Overall, the results demonstrated that
sperm preserved in IVF medium with genistein for
several days were functional in assisted
fertilization.

Discussion

In this study, we showed that preservation of human
sperm in IVF medium with genistein could
maintain sperm motility for several days. Compared
with the traditional cryopreservation method, this
method can maintain sperm motility and
antioxidant stress ability in a short time. It may be
an alternative method for sperm preservation.

Sperm storage without freezing using genistein supplementation

Sperm preserved in HTF and PBS media suffered
rapid quality loss. After three days of storage,
sperm motility decreased rapidly in most media
except IVF medium. When the four different media
were compared, IVF medium was the best one for
sperm storage that could maintain sperm quality
well. It was reported that sperm motility declined to
below 10% within a few days of being stored in
HTF®. A lot of research has been carried out on the
origin of DNA damage®. Recently, it was proved
that sperm motility could be maintained long
enough to participate in fertilization in vivo due to
the presence of pro-survival factors. These pro-
survival factors can prevent sperm from entering an
apoptotic state®, These pro-survival factors, which
may be present in IVF media rather than other
media, can prevent sperm from entering the
apoptotic pathway, or at least slow it down.
Consequently, if the simple medium doesn’t
contain pro-survival factors, it may facilitate sperm
entry into the apoptotic pathway.

We showed that sperm motility had a slight
increase when 20pmol/L genistein was added to the
liquid storage medium. The metabolic processes of
sperm and exogenous chemicals produced ROS and
sperm were particularly vulnerable to ROS-induced
damage because they contained large amounts of
PUFA content®, The results showed that ROS
damaged sperm nucleus and mitochondria, which
were compatible with keeping sperm motility and
fertilization ability®*35. Genistein is an inhibitor of
tyrosine kinase that affects sperm motility in a dose-
dependent manner. Sperm motility and capacitation
were related to protein phosphorylation. The
inhibition of tyrosine kinase caused changes of
sperm motility parameters. Low concentrations of
genistein did not interfere with sperm motility in
mice and human, but high doses had a negative
effect on sperm motility®-3¢, and then showed that
sperm motility decreases with the addition of
400umol/L genistein. The addition of genistein
reduced the ROS generated during the liquid
storage of sperm and these data indicated that
genistein used at this concentration (20pmol/L)
could offer antioxidant properties to sperm. We
speculated that it was associated with the inhibition
of tyrosine kinase and the process of capacitation®.

Genistein may play its role on sperm by
regulating the expression of certain genes. The
results showed that low-dose genistein treatment
could increase the serum testosterone level in mice
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and regulate expression of spermatogenesis related
genes. Expressions of Estrogen receptors (ESR2),
CYP19A1, SOX9 and BRD7 in mouse testis
increased after genistein treatment®®. ESR2
mediated the effects of estrogen*’. CYP19A1 genes
played an important role in estrogen biosynthesis*-
42, SOX9 was an indispensable regulator of germ
cell survival and proliferation®.  Genistein
interacted with estrogen receptors and had
important estrogen effects*+4¢,

At present, cryopreservation of spermis the
only way to store human sperm, but this common
method leads to a significant decline in sperm
motility*’. Cryopreservation leads to sperm DNA
damage*® and may also bring hidden effects such as
changed styles of intracellular enzyme activities
and disturbed plasma membranes undetectable by
supravital staining*. It has been demonstrated that
sperm DNA damage leads to reduced reproductive
outcomes such as adverse effects on fertilization
rate and preimplantation development. It also
causes pregnancy loss and morbidity®. Sperm
stored without washing may be the simplest method
of preservation without freezing, but sperm motility
lost rapidly on the first day. Seminal plasma may
contain something detrimental to sperm®. Seminal
plasma can potentially protect sperm from DNA
damage for containing a lot of antioxidant
enzymes®?, but it also reduces sperm viability
significantly for containing bacteria and leukocytes.
However, seminal plasma also contains nucleases,
which are detrimental to sperm with damaged
membrane because it can enter and digest sperm
DNAS, We showed that preservation of human
sperm in IVF medium with genistein could
maintain sperm motility for several days. In
contrast to sperm cryopreservation, the method of
storing sperm in liquid can be applied to the
following types: Firstly, sperm with poor freezing
resistance have normal motility before freezing, but
the sperm quality of the patients decreases
significantly after cryopreservation. There are
pathological changes in the structure and function
of sperm in some or many aspects. These congenital
defects could make sperm vulnerable to freezing
damage, resulting in poor freezing performance.
Secondly, low quality sperm refers to a group of
pathological semen specimens with abnormal
semen routine parameters or low sperm basic
functions, such as rare, weak and abnormal sperm.
Low quality sperm have worse anti-freeze
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performance and changes in sperm function may
have a greater impact. Thirdly, patients who have
difficulty in masturbation do not need long-term
sperm storage, and liquid storage may be a more
appropriate method. In future experiments, we need
to extend the sperm storage time or delay the
decline of sperm motility by finding other
antioxidants or a combination of both. At the same
time, more clinical data, such as clinical pregnancy
rate, fetal birth rate, abortion rate and other
indicators, are needed to ensure the safety of liquid
sperm preservation.

In summary, we have shown that the
isoflavone genistein has antioxidant properties
when added to the liquid storage medium of sperm.
Genistein caused a decrease in ROS production and
an increase in sperm motility. This short-term
storage may be the best way to store human sperm
without freezing. This approach could provide
high-quality preserved sperm for subsequent
assisted fertilization and may become a
fundamental method for ART.
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