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Abstract

Background/Aims: This study investigates the potential of the secretome
of mesenchymal stem cells produced from the umbilical cord (UC-MSCs),
which are renowned for their ability to prevent damage caused by
oxidation, to improve the quality of sperm. Superoxide Dismutase (SOD)
is an essential antioxidant enzyme present in UC-MSCs that neutralizes
reactive oxygen species (ROS). Our objective is to examine the influence
of UC-MSCs secretome, which includes SOD, on spermatozoa. This
research has the potential to significantly transform strategies for enhancing
sperm quality. Methods: Thirty couples with primary male infertility
(asthenozoospermia) and a good DNA fragmentation index (DFI)
participated in the study. The semen samples were subjected to differential
gradient centrifugation (DGC) to prepare the sperm. This was followed by
the addition of secretome in a 1:1 ratio and incubated for 30 minutes.
Before and after the incubation, the sperm concentration, velocity, and
DNA fragmentation index (DFI) were evaluated. The growth factors in the
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secretome of UC-MSCs were examined using enzyme-linked
immunosorbent assay (ELISA). The application of secretome therapy in a
1:1 ratio resulted in a substantial enhancement in both sperm concentration
and velocity. The treatment group had a significant decrease in DFI in
comparison to the control group. Nevertheless, the experimental group
exhibited a substantial decrease in SOD levels, suggesting a decline in
antioxidant capacity.  The decline in levels of Superoxide Dismutase
(SOD) indicates a reduction in the ability to counteract harmful free
radicals, which may lead to increased oxidative stress in sperm cells and
ultimately result in male infertility. Additional research is essential to
comprehend the consequences and mechanisms underlying this decrease
and investigate its therapeutic possibilities. Results: The addition of UC-
MSCs secretome to the sperm preparation media improves sperm gquality
by reducing DNA fragmentation. Nevertheless, the significant reduction
in SOD levels underscores the necessity for additional investigation to fully
grasp its impact on male infertility and the possibility for its therapeutic
application. Conclusion: The findings of this research point to the
possibility that the secretome of UC-MSCs could be useful as an additional
component in the development of strategies that aim to increase sperm
quality.

Keywords: superoxide dismustase (sod), umbilical cord mesenchymal stem
cells secretome, male infertility, sperm quality, antioxidant capability
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Introduction

This study aims to offer a comprehensive chronicle of the research endeavor's history, along with its
intended objectives.

The secretome of umbilical cord-derived mesenchymal stem cells (UC-MSCs) has been found to have
a considerable amount of potential. UC-MSCs are known for their antioxidant capabilities, which
enable them to reduce oxidative and nitrosative stress. The present study is significant as it aims to
investigate the impact of the secretome of umbilical cord-derived mesenchymal stem cells (UC-MSCs)
on spermatozoa. If this inquiry proves successful, it has the potential to yield significant
advancements in methodologies for enhancing sperm quality. The objective of this experiment is to
determine if the inclusion of uc-mscs secretome in the conventional method of sperm preparation leads
to alterations in the sperm’s concentration and velocity. The purpose of this study is to offer a thorough
examination of the research, its goals, and the potential impact of superoxide dismutase (SOD) on
improving sperm quality. Furthermore, the objective of the study is to ascertain the impact of different
time durations and concentration ratios on the alterations.

Materials and Methods

Semen samples were collected from a group of 30 married couples who were divided into two distinct
groups based on whether they had received secretome administration. The groups were categorized
based on whether the subjects had been subjected to secretome administration. It was determined that
the couples experienced primary male infertility, specifically asthenozoospermia, and had a favorable
DNA fragmentation index (DFI) of 15%. The sperm preparation procedure was conducted using the
differential gradient centrifugation (DGC) method. Subsequently, the samples were fortified with
secretome in a 1:1 ratio with the washing media. The ejaculate samples underwent a 30-minute
incubation treatment. The researchers assessed the sperm concentration, velocity, and DNA
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fragmentation index (DFI) before and after the incubation process. This was done after their
completion of the incubation and sperm washing techniques.

The secreted proteins of mesenchymal stem cells generated from the umbilical cord (UC-MSCs) have
demonstrated significant promise. UC-MSCs are renowned for their antioxidant properties, namely
their ability to diminish oxidative and nitrosative damage.  Superoxide dismutase (SOD) is an
important antioxidant enzyme found in UC-MSCs. Its primary function is to counteract and neutralize
damaging reactive oxygen species (ROS). The inclusion of Superoxide Dismutase (SOD) in the
secretome of Umbilical Cord Mesenchymal Stem Cells (UC-MSCs) may play a crucial role in their
ability to effectively reduce oxidative stress.

This study is highly important since it aims to examine the influence of UC-MSCs secretome, which
includes SOD, on spermatozoa. If this research is successful, it could potentially change techniques
for improving sperm quality by utilizing the antioxidant characteristics of SOD. The aim of this
experiment is to assess if the addition of UC-MSCs secretome, which has a high concentration of
SOD, to the standard sperm preparation process results in notable changes in sperm concentration and
velocity. In addition, the study seeks to evaluate the impact of various time durations and
concentration ratios of UC-MSCs secretome, together with its SOD content, on these changes.

This research introduces the use of SOD in the examination, which has the potential to improve sperm
quality and provide insights into the specific function of this antioxidant enzyme in the treatment of
male infertility. Comprehending the role of SOD in the secretome of UC-MSCs could lead to the
development of more focused and efficient treatments for male infertility caused by oxidative stress.
Measurement of Growth Factors This part of the study involves the analysis of the secretome (a
collection of biologically active chemicals) produced by umbilical cord mesenchymal stem cells (UC-
MSCs) to determine the levels of certain growth factors. Growth factors such as vascular endothelial
growth factor (VEGF), fibroblast growth factor (FGF), and nerve growth factor (NGF) are among
those that have been measured. The enzyme-linked immunosorbent assay, also known as the ELISA
method, is utilized to determine the relative amounts of various growth factors. Utilizing antibodies
that are specific to each growth factor and then binding them to a substrate in a microplate is how this
procedure is carried out. After that, the samples of the secretome are added to the plate. A reaction will
take place, which will result in a change of color if the growth factors are present in the samples.
Using a microplate reader, this variation in color is quantified as optical density (OD) at a certain
wavelength, which is commonly 450 nm. The results of the ELISA are measured in terms of
picograms per milliliter (pg/mL), which express the amount of growth factors present in the secretome
samples.

The interpretation of data and the determination of whether differences or associations seen have
statistical significance are both essential parts of research, and one of the most important parts of
research is statistical analysis. To this investigation, the SPSS software, version 24, was utilized for
the statistical analysis. The chosen level of confidence for statistical significance is 95% (p 0.05),
which indicates that results are deemed to be statistically significant if the p-value is less than 0.05.
This level of confidence is referred to as the significance level.

Results

Both the concentration of sperm and their velocity were shown to be significantly different as a direct
outcome of the 1:1 (v/v) secretome treatment. The group that was watched had the highest
concentration of spermatozoa; the number that was recorded for it was 68 million per milliliter. During
the same duration of 45 minutes of incubation, it demonstrated the greatest recorded velocity of
spermatozoa, which was measured at 30.51 micrometers per second. Significantly, the group that was
used as a control did not get any administration of uc-mscs secretome, and as a result, their
spermatozoa moved at a velocity that was measured to be 22.91 micrometers per second. When
compared to the levels of DNA fragmentation index (DFI) in the control group, the levels of DNA
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fragmentation index (DFI) in the treatment group, in which the secretome was delivered in a volume-
to-volume ratio of 1:1, displayed a considerable reduction. This discovery lends credence to the idea
that the level of DNA fragmentation is decreasing.

The growth factor evaluation revealed a notable elevation in the levels of growth factors, such as
vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF), and nerve growth factor
(NGF), in the experimental group that underwent secretome treatment. The observed rise in these
growth factors in the experimental group suggests that the injection of the UC-MSCs secretome
significantly enhanced their expression, potentially leading to an improvement in sperm quality.
Additional investigation is required to comprehend the precise consequences of these heightened
growth factor levels on male fertility.

The experimental group exhibited a notable reduction in Superoxide Dismutase (SOD) levels
compared to the control group, indicating a diminished antioxidant capability in the experimental
group. The statistical method consisted of doing an analysis of variance (anova) in a single direction,
followed by post hoc analyses of pairwise relationships. The value of p less than 0.05 was decided
upon as the level of significance to use.

Discussion/Conclusion

The experimental group exhibited a notable reduction in Superoxide Dismutase (SOD) levels
compared to the control group, indicating a diminished antioxidant capability in the experimental
group. Oxidative stress is mitigated by the crucial antioxidant enzyme, superoxide dismutase, which
effectively counteracts detrimental reactive oxygen species (ROS), particularly superoxide radicals.
A decline in SOD levels may suggest a diminished capacity to mitigate oxidative damage.

Impact on Sperm Quality: In the context of your research on sperm parameters and male infertility, a
reduced amount of Superoxide Dismutase (SOD) in the experimental group may lead to heightened
oxidative stress in sperm cells. Oxidative stress can adversely impact the quality of sperm, perhaps
resulting in reduced motility, DNA damage, and other problems linked to male infertility.

Significance of the Study: Within the scope of your research, the observation of reduced SOD levels in
the experimental group carries important implications. It indicates that the introduction of the UC-
MSCs secretome to the experimental group may not have adequately maintained or improved the
antioxidant capability of the sperm cells. Further investigation is necessary to fully comprehend the
consequences of this outcome on male fertility and the possible healing advantages of the UC-MSCs
secretome.

Clinical Significance: The reduction in SOD levels may have wider significance in the treatment of
male infertility. If it is established that SOD plays a critical role in preserving sperm quality and
minimizing oxidative stress, then it may be worth considering ways to augment SOD levels or other
antioxidant defenses in infertility therapies.

Additional Research: This outcome underscores the significance of doing more inquiry to ascertain the
reasons behind the drop in SOD levels observed in the experimental group. It is crucial to investigate
the mechanisms responsible for this decline and see if it may be alleviated to attain the required
enhancements in sperm quality.

The findings of the growth factor analysis in this study demonstrated a notable elevation in the
concentrations of crucial growth factors, such as vascular endothelial growth factor (VEGF), fibroblast
growth factor (FGF), and nerve growth factor (NGF), in the experimental group that underwent
treatment with UC-MSCs secretome. The increase in growth factors has significant implications for
comprehending the potential of UC-MSCs secretome in enhancing sperm quality. In order to provide
a comprehensive understanding of these findings, it is crucial to juxtapose them with other research
studies conducted in the domain of male infertility and stem cell therapy.

Multiple studies have investigated the impact of growth factors on male fertility and have consistently
returned comparable results. Chen et al. (2021) conducted a study to examine the therapeutic efficacy
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of mesenchymal stem cells in the treatment of osteoporosis. While the study primarily examined a
distinct facet of mesenchymal stem cell therapy, it emphasized the significance of growth factors
released by these cells in facilitating tissue regeneration. While the environment changes, the notion
of growth factor-mediated amplification coincides with our findings, where UC-MSCs secretome led
to a rise in growth factors.

In addition, Bader et al. (2019) investigated the enhancement of human sperm quality through the co-
cultivation with secretome of adipose-derived mesenchymal stem cells. Although the study did not
analyze the particular growth factors, our findings align with their conclusions, indicating that the
secretome of mesenchymal stem cells has a beneficial effect on sperm quality.  Their research
provides evidence that secretome derived from different types of mesenchymal stem cells, such as
UC-MSCs, can have a significant impact on the treatment of male infertility.

Aitken et al. (2022) examined the correlation between oxidative stress and male infertility within the
setting of male reproductive issues. The study primarily examined oxidative stress pathways and
highlighted the importance of antioxidants, such as superoxide dismutase, in safeguarding sperm
against oxidative harm.  Our investigation revealed a decline in superoxide dismutase (SOD)
concentrations in the experimental group, indicating a potential decrease in antioxidant capability.
This is consistent with Aitken's focus on the significance of antioxidants in male reproductive ability.
The results of our research can enhance the overall comprehension of the significance of antioxidants
and growth factors in the management of male infertility.

Nevertheless, it is important to highlight that the experimental group exhibited a decrease in SOD
levels, as mentioned in the "Results" section, which is in direct opposition to the elevated levels of
growth factors reported in the same group. The observed disparity indicates an intricate correlation
between antioxidants, growth factors, and the quality of sperm. Further work is necessary to discover
how these contradicting findings may overlap and impact male fertility.

Overall, the experimental group that received UC-MSCs secretome showed higher amounts of growth
factors. This indicates that this strategy has the potential to improve sperm quality. Through a
comparative analysis of these findings with previously published study reports, we get significant
insights into the function of secretome in the treatment of male infertility. However, the differential
decline in SOD levels in the same experimental group underlines the need for more thorough research
to clarify the complicated interplay between antioxidants, growth hormones, and male fertility. These
findings highlight the significance of further investigation into the mechanisms that underlie the
secretome of UC-MSCs and its clinical relevance in treating male infertility. To summarize, the
experimental group showed a substantial reduction in SOD levels compared to the control group. This
data is significant and has potential implications for male infertility and the efficiency of the UC-
MSCs secretome in addressing oxidative stress. Additional investigation is required to further explore
the underlying mechanisms and their therapeutic importance.

In conclusion, the incorporation of uc-mscs secretome into the medium that was used for the
preparation of sperm led to substantial enhancements in sperm concentration and velocity, as well as a
reduction in the amount of dna fragmentation that occurred after incubation. The findings of this
research point to the possibility that the secretome of uc-mscs could be useful as an additional
component in the development of strategies that aim to increase sperm quality. On the other hand,
greater in-depth study is required to adequately justify its use in therapeutic settings.
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