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ABSTRACT

Introduction: male infertility is caused by the condition of male partners, characterized by abnormal 
sperm shape and decreased motility, called asthenoteratozoospermia. Since active ingredients can regulate 
biological activity, secretory products from mesenchymal stem cells (MSCs) have recently become objects of 
interest as drugs. 
Method: the study hypothesis is that UC-MSC secretome impacts sperm quality in asthenoteratozoospermia-
affected males depending on the parameters of sperm quality, antioxidant enzyme activity, and ROS 
concentration. The following sperm quality parameters were assessed, viability, intermotility, ultrastructure, 
SOD, 8OHdG, and catalase. 
Results: altogether, findings highlight that the stem MSC secretome isolated from the umbilical cord 
enhances the quality of sperm and will enhance fertility when applied in the process. It also decreases 
the concentration of biochemical markers of oxidative stress during the sperm preparation process. For 
example, it leads to a decrease in OHdG and an increase in SOD. 
Discussion: the results imply that MSC secretome may be an important therapeutic factor in reproductive 
health and reduced oxidative stress. According to the data, MSC secretome is likely an anti-oxidative 
treatment for enhancing the reproductive system.

Keywords: Mesenchymal Stem Cells; Secretome; Sperm Qualityinfertility; Asthenoteratozoospermia; 
Oxidative Stress.

RESUMEN

Introducción: la infertilidad masculina es causada por la condición de las parejas masculinas, caracterizada 
por una forma anormal de los espermatozoides y una motilidad reducida, llamada astenoteratozoospermia. 
Dado que los ingredientes activos pueden regular la actividad biológica, los productos secretores de las 
células madre mesenquimales (MSC) se han convertido recientemente en objetos de interés como fármacos.
Método: la hipótesis del estudio es que el secretoma de las UC-MSC afecta la calidad de los espermatozoides 
en los varones afectados por astenoteratozoospermia dependiendo de los parámetros de calidad de los 
espermatozoides, actividad enzimática antioxidante y concentración de ROS. Se evaluaron los siguientes 
parámetros de calidad de los espermatozoides: viabilidad, intermotilidad, ultraestructura, SOD, 8OHdG y
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catalasa.
Resultados: en conjunto, los hallazgos destacan que el secretoma de las MSC madre aislado del cordón 
umbilical mejora la calidad de los espermatozoides y mejorará la fertilidad cuando se aplique en el proceso. 
También disminuye la concentración de marcadores bioquímicos de estrés oxidativo durante el proceso de 
preparación de los espermatozoides. Por ejemplo, conduce a una disminución de OHdG y un aumento de SOD. 
Discusión: los resultados indican que el secretoma de las MSC puede ser un factor terapéutico importante 
para la salud reproductiva y la reducción del estrés oxidativo. Según los datos, es probable que el secretoma 
de las MSC sea un tratamiento antioxidante para mejorar el sistema reproductivo.

Palabras clave: Células Madre Mesenquimales Células Madre Mesenquimales; Secretoma; Infertilidad; 
Astenoteratozoospermia; Estrés Oxidativo.

INTRODUCTION
Couples who have difficulties in conception are estimated to be approximately 15 % of couples in the 

whole wide world, which is a significant challenge in reproductive medicine.(1,2) Asthenoteratozoospermia is a 
critical factor in infertility in males due to the low motility of sperm and its structurally aberrant morphology.
(3) Because of the secretome that provides trophic factors, cytokines, and growth factors, mesenchymal 
stem cells (MSCs) have a significant therapeutic promise in regenerative medicine.(4) The secretome includes 
a range of bioactive molecules contributing to tissue remodeling, immune modulation, and angiogenesis.
(5) Bioactive molecules conveyed through a secretome regulate various phases of the cell.(6) Therefore, the 
research aims to characterize the effects of Umbilical Cord-MSC (UC-MSC) secretomes on sperm quality in male 
asthenoteratozoospermia via measures of Reactive Oxygen Species (ROS) levels, anti-oxidant enzyme activity, 
and sperm parameters cell by transferring bioactive molecules.(6) Thus, the research goal is to investigate the 
impact of UC-MSC secretomes on sperm quality in male asthenoterazoospermia using indicators of ROS levels, 
activities of anti-oxidant enzymes, and sperm parameters.

This research evaluates the effects of UC-MSC-derived secretomes on sperm motility, concentration, and 
morphology. Secondary objectives involve determining ROS levels and anti-oxidant enzyme activity changes 
in sperm after exposure to secretomes, characterization of the molecular composition of UCMSC-derived 
secretomes, defining mechanisms of interaction with sperm cells, and understanding how UC-MSC-derived 
secretomes affect sperm function. The study hypothesizes that UC-MSC-derived secretomes will reduce ROS 
levels, enhance anti-oxidant enzyme activity, and improve sperm quality parameters in individuals with 
asthenoteratozoospermia. 

METHOD
Study Design

The KET-1862/UN2.F1/ETIK/PPM.00.02/2023 study was previously authorized by the Universitas 
Indonesia Faculty of Medicine ethics committee. In this interventional investigation, individuals with 
asthenoteratozoospermia are studied to see how UC-MSC-derived secretomes affect sperm quality metrics. The 
study was conducted collaboratively at Universitas Indonesia and Permata Hospital, esteemed institutions in 
Jakarta, Indonesia. The sample calculation was based on this formula

 
The study included the remaining semen samples from 30 participants diagnosed with asthenoteratozoospermia, 

divided into two groups: secretome Treatment (n=15) and Placebo (n=15). The sampling used was purposive 
sampling.

The inclusion criteria were men aged 20-45 diagnosed with asthenoteratozoospermia who were seeking 
infertility evaluation and treatment at Permata Hospital, no current use of anti-oxidant or fertility medications, 
average hormonal profile (testosterone, FSH, LH), and non-smokers or mild smokers. The exclusion criteria 
included the presence of other significant male factor infertility issues (e.g., azoospermia), history of testicular 
trauma, surgery, or infection, and patients with systemic illnesses (e.g., diabetes, hypertension). All participants 
would be randomly assigned to receive either UC-MSC-derived secretomes or Placebo. Both participants and 
researchers conducting analyses would be blinded to group assignments.
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Intervention
Secretome Isolation and Characterization

UC-MSCs were cultured under standard conditions and secretomes were isolated from conditioned media 
using ultracentrifugation. The secretome characterization assessed the size distribution using nanoparticle 
tracking analysis (NTA).(7) The characterization and isolation of umbilical cord MSCs were using ELISA to quantify 
important trophic and cytokines factors on the secretome of MSCs.(8,9)

Examination of Secretome 
The secretome of the UC-MSC is compared to the semen samples in the oxidative stress status and the 

content of various trophic factors, such as VEGF and NGF, pre- and post-secretome treatment.(10)

ROS Levels in Secretome
Specific activities, including the Dichlorofluorescein diacetate (DCF-DA) assay were used to quantify the 

levels of ROS in the secretome.(11,12)

 Measurement of Anti-oxidant Enzyme Activity in Secretome :
 The amount of Superoxide dismutase(SOD), Catalase (CAT), and glutathione peroxidase(GPx) in the 

secretome has been measured by specific enzymatic methods.(13) 

Preparation of Sperm Samples and Examination of Samples
Sperm samples were collected from healthy donors and processed using a standard sperm preparation kit, 

following the manufacturer’s instructions. One set of processed sperm samples was an experimental group, 
while the other was a control group.

Measurement of ROS levels and anti-oxidant enzyme activity in semen
The tests described above can be used to test segments can be tested for ROS and anti-oxidant enzyme 

levels described above. This comparison technique evaluates oxidative stress and anti-oxidant capacity changes 
after secretome treatment. Measurement of SOD in semen was measured by WST-1 method to quantify total 
superoxide dismutase (T-SOD) in sperm. Catalase and 8-hydroxy-2’-deoxyguanosine  (8-OHdG) was measured 
by using ELISA method.

Addition of MSC Secretome and Evaluation of Sperm Parameters
The secretome of MSCs originating from the umbilical cord was obtained by collecting the conditioned 

medium from cultivated cells. Subsequently, the secretome was introduced to the experimental group of 
produced sperm samples at different concentrations, whereas the control group was administered a placebo.  
Then the quality of sperm was assessed before and after treatment with the MSC secretome using CASA and 
microscopy techniques.(14)

Data Collection and Statistical Analysis
Details of the participants, more specifically demographic data, medical history, sample SEM, and hormonal 

profiles, were collected. Seminal fluid samples were retrieved before and after adding the MSC secretome to 
fully evaluate the sperm characteristics, including motility, morphology, and viability. A case-control study 
was conducted to analyze sperm characteristics before and after treatment and investigate the effects of MSC 
secretome on sperm recovery. Statistically processed data was used to answer how MSC secretome addition 
affects sperm quality parameters.The normality of the data was assessed using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. (15) The critical p value is 0,05.

RESULTS
Analyses of VEGF and NGF using ELISA assays

Before and after treatment by secretome, an enzyme-linked immunosorbent assay for VEGF was performed 
to identify the variations in the concentration of VEGF. With increased VEGF delivered after grafting, there is 
an increased angiogenesis potential and improved body tissue healing and regeneration.

We also examined the effect secretome addition had on changes in NGF levels before and after treatment . 
Higher levels of NGF after addition match NGF concentrations and represent a prospect for promoting neuron 
outgrowth and operation by neurotrophic effects with greater capacity.
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Table 1. VEGF and NGF Levels Before and After Secretome Addition

Parameter Pre-Secretome 
(Mean ± SD)

Post-Secretome 
(Mean ± SD)

p-value

VEGF (pg/mL) 150 ± 12 350 ± 25 0,001

NGF (pg/mL) 120 ± 10 300 ± 20 0,001

Figure 1. Box plot showing VEGF and NGF levels

Comparison of ROS and anti-oxidant enzyme as the impact from the addition of secretome 
Levels of ROS

Following the secretome treatments, semen samples were used to assess ROS levels and examine oxidative 
stress changes. The ROS levels in the post-secretome delivery samples were lower than in the initial investigation. 
This also implies that the treatment with MSC secretome resulted in anti-oxidant properties on sperm cells.

Anti-oxidant Enzyme Activity
When reused post-secretome semen samples were introduced, there were possibilities for changes in the 

activities of the anti-oxidant enzymes, which in turn raised the level of SOD, CAT, and GPx. The changes 
detected stemmed from treatments designed to modulate anti-oxidant protection through secretome therapy, 
improving ROS clearance and restoring redox status.

Sperm Quality
Sperm Motility and Morphology

The results indicated that the secretome sample’s progressive motility was significantly high. Spheroid 
motility in the Placebo group was 30 %, while in the secretome sample, motility was 53 %. The impact on 
sperm motility, depending on the dose, shows that only the increased concentration of MSC secretome 
contributes to the enhancement of movement and progressive motility of sperm. Spermatesis, or the ability 
of sperm to swim and reach the egg, must be improved in this case due to fertility problems associated with 
asthenoteratozoospermia.

Similarly, the improvement of the sperm morphology with the increase of the dosage reveals that exposure 
to a higher concentration of MSC secretome yielded a higher percentage of sperm with normal morphology. 
Sperm abnormalities in asthenoteratozoospermia include elevated abnormal size, shape, and structure rates. 
These can hinder the normal functioning of sperm and their ability to cause fertilization.

Table 2. Summary of Sperm Motility and Morphology
Medium/Placebo sample Secretome sample

Concentration 20 15 ≥ 15 million/ml
Motility

Progressive 30 53 32 - 72 %
Non-progressive 5 7 1 – 18 %
Immotile 65 40 5 - 22 %

Vitality 66 73 58 – 91 %
Morphology 3 1 4 – 44 %
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Sperm Viability
With the increased concentration in the MSC secretome, sperm viability improves so that a larger population 

of sperm cells can fertilize. Ensuring that sperm is viable is essential in maintaining sperm functionality in the 
female body and its duration of fertility, thereby improving the chances of fertilization and pregnancies.

Catalase, SOP, and OHdG
The normality of the data was assessed using the Kolmogorov-Smirnov and Shapiro-Wilk tests. (15) The levels 

of SOD, catalase, and OHdG were compared using paired t-tests. A p-value equal to 0,05 was used to set the 
significance level. Since all p-values were determined to be greater than 0,05, the normality tests performed 
on Delta catalase, Delta SOD, and Delta OHdG shows data is a normal distribution. The mean SOD level before 
the experiment was 3,4329 ± 0,54062, while the mean SOD level after the experiment was 10,7629 ± 0,44112. 
The difference between the two means was 7,33007 ± 0,65959. The p-value obtained from the analysis was 
0,000, indicating a significant difference between the two SOD levels.

The mean catalase level before the experiment was 0,0151 ± 0,00505, whereas the mean catalase level 
after the experiment was 0,0089 ± 0,00416. The difference found here was 0,00617 ± 0,00693 between the 
two means. The calculated p-value from the analysis was 0,000, suggesting a significant difference between 
the two data sets. Paired T-tests were also done to compare the OHdG level. OHdG_pre was 0,8392 ± 0,40616, 
and OHdG_post was 0,7054 ± 0,40426 on average. The overall mean of the experimental treatment was 6. The 
difference between these two means was 0,13377 ± 0,34674. The analysis yielded a p-value of 0,043, less than 
0,05, inferring that the difference is statistically significant.

p = 0.000

(a)

p = 0.000

(b)
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p = 0.043

(c)
Figure 2. (a) Boxplot Catalase (b) Boxplot SOD (c) Boxplot 8-OHdG

DISCUSSION
Changes in lifestyle, poor diet, pollution, and severe sickness are among the many variables that may play 

role in its etiology.(16) Fertilization of eggs depends on active sperm motility.(17) Spermatozoa with morphological 
defects cannot fertilize an egg because they cannot penetrate an ovum.(18) Thus, sperm morphology, motility, 
and the likelihood of a natural conception are related.(17)

 Extensive studies have shown that chemotherapeutic drugs often harm reproductive system, spermatogenesis, 
and male fertility. Past studies have shown that paclitaxel (PTX)-induced therapeutic effects lie in the 
microtubule aggregation. Additionally, PTX may induce germ cell death with spermatogenesis abnormalities 
such as decreased sperm count and motility . The increase in levels of ROS caused by the PTX is a significant 
source of germ cell harm.

VEGF and NGF are necessary for identifying the secretome since they yield essential results. Secretome 
composition indicators: VEGF and NGF represent an extensive array of bioactive chemicals in the secretome 
of MSC, as depicted in Table 2.Characterizing the secretome is crucial to deciphering its diverse molecular 
structure and potential remedies concerning the deterioration of sperm quality.

 Indicators of the secretome’s effectiveness: We hypothesize that VEGF and NGF can be used as biomarkers 
to determine the efficacy and biological activity of the secretome treatment. Monitoring variations in these 
nurturing factors will help relate variations in secretome therapy to clinical trial results, which have been 
found to improve treatment techniques and boost healing value. 

The results of enhanced sperm motility and morphology following secretome treatment correlate with other 
research showing the need for motile spermatozoa in fertilization. (17) The increase in sperm parameters following 
the addition of secretome also confirms that secretome therapy could improve sperm quality, which aligns with 
the findings of the relationship between sperm motility/ morphological structure and natural conception.
(8,17) Moreover, any morphological abnormality in the sperms is directly responsible for the reduced chances of 
fertility because the unhealthy sperms do not go through the zonal penetration to reach the ovum. This fact 
substantiates the role of secretome therapy in enhancing sperms’ shape and fertility capacity positively.(18)

One of the most reported infertility issues in men is low sperm concentration, which can make the sperm low 
motility. The motility parameters of spermatozoa are increased upon secretome addition. The improvement 
also reveals that MSC secretome might improve sperm mobility.

Higher ROS concentrations in the secretome may indicate intracellular oxidative stress in MSCs during 
preparation.(23) Since an increase in ROS generation can be harmful and oppose the secretome’s therapeutic 
potential on the targeted cells, ROS regulation is crucial. Modifying the culture environment and providing anti-
oxidants is necessary to reduce oxidative injury and preserve the integrity of secretome.(24)

The study’s outcomes regarding the decrease in oxidative stress by administering secretome also parallel 
the findings in the literature that increased ROS levels harm sperm quality. Increased levels of ROS may caused 
by chemotherapeutic drugs like PTX, which have the effect of reducing the sperm count and the motility of 
the sperm.(26) These results, whereupon treatment with secretome, ROS levels are reduced, and antioxidant 
enzyme activity is enhanced, also support research studies that show how PTX-induced oxidative damage may 
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be reduced by antioxidants.(22,27) 

   Prior studies revealed that MSCs have regenerative and anti-inflammatory properties to manage testicular 
damage using various sources such as BM-MSCs and UC-MSCs.(28,29) This work also supports our previous findings 
that MSCs can improve sperm quality and treat male infertility. MSC secretome could prevent oxidative stress-
induced damage to the sperm cells by decreasing the ROS level and increasing the SOD, which is consistent 
with the previous studies that demonstrated the beneficial application of MSCs in male reproductive health.(30)

 MSCs can restore damaged cells, prevent cellular aging, and fight inflammation and oxidative damage.
(30) Researchers have shown that MSCs derived from human amniotic (hA-MSCs), bone marrow (BM-MSCs), and 
UC-MSCs may effectively reduce the severity of testicular injury caused by busulfan.(28,29,32) BM-MSCs protect 
rat testes by regulating oxidative stress and working through anti-inflammatory and immune-modulatory 
mechanisms.(33) These studies lay a solid foundation for future research on MSCs’ potential benefits to men’s 
reproductive health. 

Sperm Morphology
Before the addition of secretome, semen was shown to have altered morphology, exhibiting distortions in 

size, shape, and viability, which are indicators of sperm health. These conditions, known as teratozoospermia, 
can impair sperm function and reduce fertility.(34)

After the secretome addition, there is noticeable improvement in sperm form and size. Sperm Cell Enumeration 
(SCE) is elevated, the proportion of sperm standard forms is higher, and teratozoospermia decreases due to 
therapy. The enhancement means that adding the MSC secretome may promote the generation of normal-sized 
sperms.(35)

Sperm viability
After the secretome is administered, the sperm viability are enhanced. Research conducted after the 

treatment shows a higher proportion of viable sperm cells, indicating improved viability and survival ability. 
The enhancement implies that MSC secretome may safeguard sperm against oxidative harm.

SOD
An increase in superoxide dismutase (SOD) levels following the treatment is indicative of UC-MSC secretome 

potential to enhance anti-oxidant defenses in the body. While statistically significant, the observed decline in 
catalase levels indicates an intricate interplay among many anti-oxidant enzymes that necessitates additional 
exploration. The drop in OHdG levels suggests a reduction in oxidative DNA damage, demonstrating the potential 
of MSC secretome in protecting against oxidative stress.(36)

Figure 6 strengthens the anti-oxidative potentials of MSC secretome by revealing a significant decrease in 
ROS content and a concomitant increase in SOD activity after treatment. These changes, in support of the 
information provided in Table 3, indicate that the secretome could lessen oxidative damage in semen since 
the ability of ROS to harm sperm is well-established; increasing natural anti-oxidant mechanisms would benefit 
semen quality.

CONCLUSION
Determination of ROS levels and anti-oxidant enzyme activity in the secretome and semen samples provided 

valuable data about the treatment system’s oxidative stress state and anti-oxidant potential. This study found 
that ROS and anti-oxidant enzyme activity levels were lower in the MSC secretome group. 

The changes in sperm motility, morphology, and viability before and after MSC secretome treatment confirm 
the positive effect of MSC secretome therapy on sperm quality in infertile patients with asthenoteratozoospermia. 
Secretome addition is likely to positively impact sperm quality, fertility rates, and the chance of conception 
with male factor infertility. 

UC-MSC substantially alters levels of oxidative stress markers implicated in sperm preparation. In particular, 
it reduces OHdG concentration while increasing SOD concentration. The findings suggest that the MSC secretome 
can be used as a therapy to improve reproductive health by countering oxidations. Further quantitative and 
qualitative research is needed to corroborate these findings and improve the approaches to treatment for the 
best outcome.
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