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ABSTRACT 1 

Purpose: Microgravity has severe effects on cellular and molecular structures as well as on metabolic 2 
interactions. The aim of this study is to investigate the effects of microgravity (μg) exposure on human 3 
frozen sperm samples. 4 
Methods: Sibling samples from 15 normozoospermic healthy donors were frozen using glycerol as 5 
cryoprotectant and analyzed under microgravity and ground conditions. Microgravity was obtained by 6 
parabolic flights using a CAP10B plane. The plane executed 20 parabolic maneuvers with a mean of 8.5 7 
seconds of microgravity for each parabola. 8 
Results: Frozen sperm samples preserved in cryostraws and stored in a secure and specific nitrogen vapor 9 
cryoshipper do not suffer significant alterations after μg exposure. Comparing the study group (μg) and 10 
the control group (1g), similar results were obtained in the main parameters studied: Sperm motility 11 
(M/ml) 13.72 ± 12.57 vs 13.03±12.13 (-0.69 95% CI [-2.9;1.52]); Progressive a+b sperm motility (%) 12 
21.83±11.69 vs 22.54±12.83 (0.03 95% CI [-0.08;0.15]); Sperm vitality (%) 46.42±10.81 vs 44.62±9.34 13 
(-0.04 95% CI [-0.13;0.05]); Morphologically normal spermatozoa (%) 7.03±2.61 vs 8.09±3.61 (0.12 14 
95% CI [0.01;0.24]); DNA sperm fragmentation by SCD (%) 13.33±5.12 vs 13.88±6.14 (0.03 95% CI [-15 
0.09;0.16]); Apoptotic spermatozoa by MACS (%) 15.47±15.04 vs 23.80±23.63 (-0.21 95% CI [-16 
0.66;1.05]). 17 
Conclusion: The lack of differences obtained between frozen samples exposed to μg and those 18 
maintained in ground conditions provides the possibility of considering the safe transport of human male 19 
gametes to space. Nevertheless, further research is needed to validate the results and to consider the 20 
possibility of creating a human sperm bank outside the Earth.  21 

 22 

TRIAL REGISTRATION NUMBER: NCT03760783.   11/20/2018 registered. 23 

 24 

KEY WORDS: microgravity; sperm; motility; vitality; DNA fragmentation, apoptosis. 25 

 26 

 27 

 28 

29 

Blinded Manuscript (no author information) Click here to view linked References

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

https://www.editorialmanager.com/jarg/viewRCResults.aspx?pdf=1&docID=11678&rev=1&fileID=211731&msid=ae6c790d-0d79-4432-a6a6-c32d72d5a663
https://www.editorialmanager.com/jarg/viewRCResults.aspx?pdf=1&docID=11678&rev=1&fileID=211731&msid=ae6c790d-0d79-4432-a6a6-c32d72d5a663


2 
 

INTRODUCTION 1 

One of the main effects that bodies, including living ones, undergo as they move away from Earth is 2 
weightlessness due to the scant net gravitational force. The term microgravity is used when referring to 3 
small gravity levels or low gravity. According to Clément [1], a microgravity environment is one that 4 
imparts to an object a net acceleration that is small compared with that produced by the Earth at its 5 
surface. Such an environment can be achieved by using different platforms. In practice, these platforms 6 
create a near-zero gravity environment in which the residual acceleration ranges from one percent of the 7 
Earth’s gravitational acceleration to one part in a million, usually referred to as microgravity. It is known 8 
that microgravity alters physiological processes in living organisms and causes a number of adverse 9 
effects on cellular and molecular structures and metabolic interactions. It has been reported that the cell 10 
membrane, cytoskeleton, cytoplasm and nucleus are sensitive to gravitational changes, and also that 11 
microgravity affects enzymatic reactions and leads to conformational changes in lipid structures [2].  12 

The effects of different gravitational environments other than that of the Earth’s gravity on functions of 13 
the human body are found in the literature. During a spaceflight, when a human being transitions 14 
throughout different gravitational environments, the health of astronauts is affected and different diseases 15 
can be induced [3]. The main target of microgravity included musculo-skeletal apparatus [4], the nervous 16 
system [5] and the endocrine system [6], among others. The effects of microgravity on the cardiovascular 17 
system and blood flow have also been widely studied [7]. 18 

However, little is known about the effects of microgravity on the human reproductive system. Female 19 
astronauts are encouraged to use contraception to avoid menses and to imperatively prevent pregnancy on 20 
orbits of long-duration flights, so it is not known what might happen to the natural menstrual cycle in 21 
zero-gravity and its consequences on oocyte quality, fertilization, and embryo and fetal development 22 
processes [8]. Much more information exists about the effects of microgravity on the reproductive system 23 
in the animal model, and specifically in mammals [9, 10]. In general, alterations in the male and female 24 
reproductive systems have been reported, due to the influence of microgravity on their specific functions 25 
and their associated endocrine signals [11, 12]. It has also been reported that simulated microgravity 26 
affects the regulation of gene expression of some genes involved in mouse inner cell mass formation and 27 
blastocyst development [13].  Descriptions also exist regarding the influence of microgravity on the 28 
development of mouse embryonic testes [14] and spermatogenesis in rats [15] by affecting cell 29 
proliferation, differentiation, germ cell survival, apoptosis and the secretion of sexual hormones from 30 
testicles. Alterations in the physiology of testicular cells are induced and testicular function is impaired in 31 
response to microgravity exposure. However, the ability to maintain a certain capacity of clone-forming 32 
and differentiation into round spermatic cell with flagella has also been reported [16]. Using a cell line 33 
established from a primary lesion of a testicular seminoma from a human male patient, it has been shown 34 
that simulated microgravity activates the oxidative machinery, thereby triggering transient microscopic 35 
cell events, such as a reduction in the proliferation rate, changes in the cytoskeleton-driven shape and 36 
autophagy activation [12].  Some studies have been published on the effect of microgravity on sperm 37 
motility in different species, and while some authors have identified an increased motility in the bull [17] 38 
and the sea urchin [18], others have found a reduced motility in mice [19] and in humans [20]. 39 

Different approaches have been adopted in studies on the effects of space gravity variations. Access to a 40 
real spaceflight, sounding rockets and other platforms outside the Earth, such as the International Space 41 
Station, is highly limited. Consequently, other platforms operating on the Earth that provide limited 42 
periods of microgravity or simulation models for producing microgravity have been designed to enable 43 
the gravitational effects in physical and life sciences to be tested. Different approaches have been adopted 44 
for conducting experiments in microgravity conditions; for instance, rotating wall vessel bioreactors, 45 
which make it possible to perform a rotating cell culture system providing a dynamic simulated 46 
microgravity [14,16,21,22]; Random Positioning Machines that allow simulated microgravity exposure 47 
[12]; Clinostats [23, 24]; Drop Towers  [25]; Sounding Rockets [26], and finally Parabolic Flights [2,7,27-48 
34]. 49 
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Parabolic Flights have been conducted for a long time. Among other aircraft, the European Space Agency 1 
has used the Airbus A300ZERO-G and the Airbus 310 ZERO-G for research experiments in 2 
microgravity. These aircraft provide up to 25 seconds of microgravity and have been widely used for 3 
research purposes [2, 27-30].  Since 2011, a smaller single-engine aerobatic aircraft has also been used 4 
with successful results for different experimental studies under microgravity conditions [7, 31-34]. This 5 
method has been employed in different investigations because a high level of repetitiveness is achieved, 6 
thus obtaining a mean of 8.5 seconds of microgravity for each parabola when parabolas are executed by 7 
trained and specialized pilots. As compared to an orbit of the International Space Station around the Earth 8 
(approximately 90 minutes), this exposure time is but a small fraction of a possible exposure time in such 9 
an orbit. Nonetheless, parabolic flights have been used since the beginnings of space exploration as a 10 
reliable way to obtain meaningful data from a variety of experiments in the field of space medicine [1, 30, 11 
34]. They are particularly appropriate for this experiment to test our hypothesis.  12 
  13 
Studies investigating the effects of altered gravity on animals, and specifically on human beings, are 14 
required if life and even reproduction outside the Earth arise as a challenge to be addressed in the future. 15 
Should Assisted Reproductive Techniques (ART) be used as an alternative method for natural conception 16 
in microgravity conditions, one of the first aspects to be studied is how microgravity may affect frozen 17 
human sperm samples, and also whether they can be safely sent into space for possible future use under 18 
different gravitational conditions outside the Earth. The effects of microgravity on fresh or cryostored 19 
human gametes and embryos remain unknown. The objective of this study was to analyze the effect of 20 
microgravity obtained by parabolic flights on frozen human sperm under in vitro conditions. 21 

 22 

MATERIAL & METHODS 23 

Parabolic flights 24 

This is a prospective study carried out in a University-affiliated ART center in collaboration with a 25 
Polytechnic University and an Aeroclub specialized in aerobatic parabolic flights for scientific research, 26 
located at 25 km from the ART laboratory. A CAP10B plane that provides short-duration microgravity 27 
exposure was chosen to obtain microgravity conditions. It is a twin-seater aircraft, thus enabling a space 28 
in the cockpit to be used for the experiment. A container suitable for air transport and holding the frozen 29 
sperm samples was placed in the cockpit space and securely attached to prevent any movement during the 30 
flight. This container is a shipping container of lightweight aluminum located inside a bigger protective 31 
dry shipper that keeps materials at liquid nitrogen temperatures with no free-flowing liquid (Arctic 32 
express cryogenic dry shipper – Thermo Fisher) 33 

A total of three parabolic flights carrying five samples in each experimental flight were performed during 34 
2018-19, always in appropriate weather conditions in order to ensure that visual flight operations were not 35 
jeopardized.  In every flight, the plane executed 20 parabolic maneuvers of up to 8.5 seconds of 36 
microgravity (~0.05g) for each parabola. The maneuvers started at an altitude of 1,000 m above ground 37 
level (AGL) and rose up to 1,200 m AGL at the peak of the parabola before descending to the previous 38 
flight level.  39 

Sperm samples 40 

Sixteen healthy male volunteers (not fertility patients) were asked to participate in the study and informed 41 
of all the details of the procedure. After signing the specific informed consent for the study, they donated 42 
a sperm sample in accordance with the standard WHO recommendations [35]. After liquefaction, samples 43 
were checked to evaluate concentration and motility, and only 15 normozoospermic males (sperm 44 
concentration of more than 15 million/ml and a progressive motility greater than 32 %) were included in 45 
the study. The volunteers were aged between 26 and 40 years old, 14 of whom were without offspring 46 

and one was a father of two children. Their mean BMI was 23.9 (18.6 – 27.2). Five of these volunteers 47 

were moderately overweight (BMI>25) but none were classified as obese (BMI>30). 48 
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Sperm freezing protocol 1 

Each sperm sample was split in two before freezing in order to obtain sibling samples for exposure to 2 
different gravitational conditions: μg and 1g (control). Both fractions were frozen according to the slow 3 
freezing method [36]. A step-wise cooling using glycerol as cryoprotectant (CryoSperm™, Origio) was 4 
performed, after which the samples were aliquoted in 0.5 ml CBS™ high security straws (Cryo Bio 5 
System). Semen was mixed 1:1 with the cryoprotectant and left for 10 minutes at room temperature. Next, 6 
straws were sealed by heat and left in nitrogen vapor for 30 minutes before being kept in liquid nitrogen 7 
for storage until the day of the experiment. 8 

On the day of the flight, cryopreserved sperm samples from microgravity group (µg) were transported to 9 
the Aeroclub in liquid nitrogen vapor using the specified container. The control samples (1g) were kept in 10 
nitrogen vapor at ground conditions. 11 

 12 

Semen analysis 13 

After the parabolic flight, frozen samples exposed to microgravity were quickly transported to the ART 14 
laboratory where both µg samples and the control group maintained at 1g were thawed just prior to the 15 
start of each test. Straws were warmed by being placed on a heated plate at 37 °C for 5 minutes, after 16 
which the content was recovered in a clean tube and immediately used for the different assays: Sperm 17 
concentration, motility, vitality, morphology, DNA fragmentation and apoptosis. 18 

Sperm concentration and motility were evaluated using a Makler chamber and SCA® CASA System 19 
(Microptic), which allows an automatic assessment of the samples by analyzing 150-200 spermatozoa 20 
from a drop of 4 µl of the thawed sperm sample. The following different motile parameters were 21 
analyzed: total motility (M/ml and %); percentage of progressive motility a+b (%); mean curvilinear 22 
velocity (µm/s) (VCL) as the time-averaged velocity of a sperm head along its curvilinear path; rectilinear 23 
velocity or straight-line velocity (µm/s) (VSL) as the average velocity of a sperm head along the straight 24 
line between its first position and its last position detected, and the linearity index (%) (LIN) as a path 25 
linearity indicator (LIN=VSL/VCL). 26 

Sperm vitality was evaluated using eosin-nigrosin staining (VitalScreen-FertiPro), which makes it 27 
possible to identify membrane-intact spermatozoa. The lower reference limit used was 58% of live 28 
spermatozoa according to WHO guidelines for semen analysis [35]. 29 

Morphology was assessed by staining with Eosin and Blue for fast staining in accordance with the 30 
manufacturer’s protocol (PanReac AppliChem) and classified according to WHO criteria. A mean of 200 31 
spermatozoa per sample were evaluated. The lower reference limit for normal morphology was 4% [35]. 32 

DNA fragmentation was evaluated by Sperm Chromatin Dispersion (SCD) test (Halosperm®-Halotech). 33 
A mean of 500 spermatozoa per sample were evaluated. Spermatozoa with a small halo (halo width 34 
similar to or smaller than 1/3 of the diameter of the core) or without halo were classified as sperm with 35 
fragmented DNA. The reference limit for normal sperm DNA fragmentation was <30% [37]. 36 

For the evaluation of sperm apoptosis, Magnetic-Activated Cell Sorting (MACS) using Annexin-V 37 
microbeads (MACS® Annexin V ART System-Miltenyi Biotec) were used in accordance with the 38 
manufacturer’s instructions. Samples were submitted to density gradients (PureSperm®-Nidacon) and the 39 
pellet washed with Annexin-binding buffer, and finally incubated with Annexin-V reagent. Apoptotic 40 
spermatozoa were retained in the column containing magnetic microbeads and placed in a magnet, while 41 
non-apoptotic spermatozoa with intact membranes went through it. Both fractions were collected, the 42 
sperm concentration was measured using SCA® CASA System, and the percentage of apoptotic 43 
spermatozoa was calculated. 44 

 45 
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Statistics 1 

All sperm parameters analyzed were evaluated as continuous variables. Concentration, progressive 2 
motility, vitality, morphology and DNA fragmentation were additionally evaluated as categorical 3 
variables according to the defined standards of normality.  Continuous variables were expressed as mean, 4 
and standard deviations and categorical variables as frequencies. 5 

McNemar’s test was applied to compare categorical variables between the study group and the control 6 
group. For continuous variables, we performed 95% confidence intervals for differences of mean. Paired 7 
data were considered for all analyses. Mean differences were statistically significant when confidence 8 
intervals did not contain 0. 9 

Statistical analyses were performed with IBM© SPSS© Statistics v 22. This study was registered at the 10 
Clinical Trials Database (ref: ClinicalTrials.gov) with the registration number: NCT03760783. 11 

 12 

RESULTS 13 

Comparison of mean values between frozen samples exposed to microgravity (µg) and samples 14 
maintained on earth conditions (1g) with automatic assessment after thawing showed similar results in 15 
terms of total sperm concentration (39.01±32.02 vs 39.29±36.53 M/ml) and total motile sperm 16 
concentration (13.72±12.57 vs 13.03±12.13 M/ml). Moreover, we observed no statistically significant 17 
differences in the percentage of sperm progressive motility (21.83±11.69 vs 22.54±12.83) nor in the 18 
sperm concentration of grade a (5.80±6.40 vs 5.22±5.58 M/ml), b (3.46±3.15 vs 4.03±4.16 M/ml) or c 19 
(4.47±4.18 vs 3.78±3.22 M/ml). Table 1. 20 

Mean values for the additional parameters, such as curvilinear velocity, straight-line velocity and linearity 21 
index, automatically assessed to further characterize possible alterations in motility patterns, also failed to 22 
show any differences. VCL (39.88±8.70 vs 43.50±9.82 μm/s), VSL (22.23±8.00 vs 24.57±8.12 μm/s) and 23 
LIN (62.60±10.39 vs 65.88±11.30 %). Table 2. 24 

The mean percentage of live spermatozoa assessed by eosin-nigrosin staining (46.42±10.81 vs 25 
44.62±9.34) observed in both thawed samples (µg vs 1g) indicates that the vitality of frozen sperm 26 
samples does not undergo any change after microgravity exposure under the conditions of this 27 
experimental study. The results of morphological sperm assessment showed a similar proportion of 28 
normal morphological sperm (7.03±2.61 vs 8.09±3.61%) and in both cases they were above the lower 29 
reference limit for normal morphology. Table 3. 30 

Similar results were also observed in relation to the mean percentage of sperm with DNA fragmentation 31 
measured by SCD. Samples exposed to microgravity conditions had a mean of 13.33±5.12% sperm 32 
fragmentation, while control samples had a mean of 13.88±6.14%. The mean percentage of DNA 33 
fragmentation was similar in both groups and lower than the reference limit. Table 3. 34 

Neither the proportion of apoptotic sperm with externalized phosphatidylserine, attached to the Annexin-35 
V column (15.47±15.04 vs 23.80±23.63 %), nor the non-apoptotic spermatozoa with intact membranes 36 
that went throughout the column (84.53±15.04 vs 76.20±23.63%) showed any statistical differences 37 
between µg and 1g groups. Table 3. 38 

Regarding the diagnosis of each parameter analyzed according to the defined standards of normality, a 39 
high degree of diagnostic concordance (>85%) between both groups of thawed samples exposed to 40 
different gravity conditions was observed. With respect to progressive motility and DNA fragmentation, 41 
the degree of concordance between the study and the control group at ground conditions was 93.3% 42 
(14/15). With regard to sperm concentration, vitality diagnosis and morphological assessment, 43 
concordance was observed in 86.7 % (13/15) of the samples. Overall, the vast majority of samples (90%) 44 
have been classified in the same diagnostic category after being exposed to microgravity conditions. 45 
Table 4. 46 
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DISCUSSION 1 

If the number of space missions increases in the coming years, and the establishment of human colonies 2 
outside the Earth becomes an option, it is important to study the effects of human exposure to space 3 
conditions and to seriously consider the possibility of reproduction beyond the Earth. This study was 4 
conceived as an initial step in the investigation of the effects of microgravity conditions on human 5 
reproductive cells. In this case, the study was performed with human frozen sperm samples in order to 6 
predict if they can be safely sent and stored in space. 7 

One of the main challenges involved in conducting microgravity research on the ground is that such a 8 
condition is difficult to obtain, because the Earth’s gravity is an inevitable force that cannot be avoided. 9 
We have chosen aerobatic parabolic flights because they are recognized as a powerful method for 10 
experimental studies, despite the limited microgravity time obtained and the short periods of hypergravity 11 
before and after microgravity periods. Both limitations are common for small and large aircraft. We 12 
decided to use the CAP 10 aircraft because of its accessibility and its user-friendliness. The parabolic 13 
flights were conducted by an experienced pilot, and the proximity between the airport and the ART center 14 
facilitated the procedures. Other platforms have been described in different gravity studies [38, 39]. The 15 
effects of microgravity on marrow mesenchymal cells have been successfully studied using a Clinostat 16 
[24]. The method has proven to be suitable for simulating microgravity effects on cultured cells, but in 17 
our case it would have been impractical to hold frozen samples stored in liquid nitrogen inside the 18 
clinostat for a long period of time. Furthermore, although the effect of continuously rotating the sample in 19 
a Clinostat or a Rotating Position Machine may have no effect on frozen sperm samples, it will certainly 20 
affect the motility features of fresh sperm samples [20], which could later be compared to the behavior of 21 
the frozen samples studied herein.  Drop Towers might also be considered, but the size of the cylinder 22 
containing the sample makes it unpractical to hold and maintain frozen sperm samples, so parabolic 23 
flights seemed to be the best option regardless of other facilities operating beyond the Earth. Sounding 24 
rockets, suborbital flights, or the in-flight research facilities of the International Space Station provide 25 
longer exposure time to microgravity, and despite their highly limited access they should be taken into 26 
account in the future for more in-depth studies. In this context, NASA announced an experiment on the 27 
International Space Station with bull and human sperm samples, but at the time of this publication their 28 
results remain unpublished.  29 

The results of a previous parabolic flight experiment for studying microgravity effects on the motility of 30 
human sperm samples was also published [20].  In that case, the authors found a lower motility rate and 31 
progressive velocity after microgravity exposure by parabolic flights using fresh semen. They suggested 32 
that the decline in sperm motility might be due to chemical changes in the intracellular environment 33 
during microgravity exposure. In our study, the undetectable differences observed in the parameters 34 
analyzed (% motile sperm, % a+b; VCL, VSL, LIN) could suggest that the effects of microgravity on 35 
sperm motility was minimized, because the samples were frozen and sperm integrity was shielded by 36 
cryoprotectants. 37 

The vitality results showed similar values in microgravity and ground conditions, but in both 38 
circumstances they were below the reference limit. In no case are the lower results related to gravity 39 
conditions; they may be attributable to the fact that sperm membrane integrity can be affected during 40 
freezing and thawing processes, and the established reference limit is generally applied to fresh samples. 41 
With respect to the other parameters analyzed (morphology, DNA fragmentation and apoptosis) we also 42 
obtained similar results between both groups (µg vs 1g), which reinforces the case for better protection 43 
against microgravity in the frozen samples when compared to the fresh ones.  44 

Regarding the diagnosis of the different tests performed, it is important to highlight that the results 45 
obtained showed a concordance of more than 85% in all parameters. The minor variations observed were 46 
more likely to be due to heterogeneity of the sperm samples rather than to the effect of exposure to 47 
different gravity conditions. In conclusion, frozen sperm samples preserved in cryostraws and stored in a 48 
specific nitrogen vapor cryoshipper undergo no significant alterations after exposure to microgravity 49 
obtained by parabolic flights and under the specific conditions of this study.  50 
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The lack of differences observed in all the sperm parameters studied suggests that frozen sperm samples 1 
exposed to microgravity do not suffer significant alterations in comparison with the control samples 2 
maintained in ground conditions. This finding has an important clinical significance, since it represents a 3 
starting point for assessing the possibility of transporting human gametes into space. However, the 4 
limitations due to the reduced periods of microgravity obtained by parabolic flights suggest that it would 5 
be desirable to corroborate this finding by further studies with different platforms that provide longer 6 
microgravity exposure and a larger sample. We are aware of the limitation of the reduced sample size, but 7 
due to the large battery of tests carried out in this study and the need to perform all the analyses 8 
immediately after the flight, no more than 5 samples could be included in each experiment. 9 

Concerning the method of human sperm cryopreservation, we have used the slow freezing method with 10 
liquid nitrogen vapor, which despite its limitations is the method that has been successfully employed for 11 
decades in ART and fertility preservation. It is known that in spite of the great variability between 12 
samples and donors, a reduction in sperm motility is usually observed after freezing/thawing with this 13 
method. Although in our study only normozoospermic donors were included, the number of motile 14 
spermatozoa also decreased after freezing/thawing, but with no differences between the two groups. 15 

We know that liquid nitrogen will be difficult to manipulate, supply and store without risks in space. In 16 
order to secure the transport and maintenance of frozen sperm samples, other cryopreservation methods 17 
will need to be considered. Evaporation and freeze-drying have been suggested as new methods of mouse 18 
sperm cryopreservation [40, 41].  In the case of mice, freeze-dried spermatozoa have succeeded in 19 
fertilizing through ICSI, and full-term development and normal offspring have been achieved [41]. 20 
Freeze-dry methods have also been experimentally tested in human sperm samples [42], but to date they 21 
have yet to be used in human-assisted reproduction.  Slow freezing, or more recently vitrification [43, 44], 22 
are currently regarded as being the methods of choice. More research is needed to assess the feasibility of 23 
these or other alternative methods in human sperm cryopreservation in order to optimize transport outside 24 
the Earth. 25 

Although in this study we have not analyzed the effect of space radiation, we are nevertheless aware that 26 
not only microgravity has to be considered before sending human sperm samples into space. Ionizing 27 
radiation is another important phenomenon to be taken into consideration, and requires in-depth study 28 
because it has been proven to be a threat to human health and therefore is expected to impair the quality 29 
and viability of human reproductive cells as well. Cell apoptosis and sperm DNA damage have been 30 
described as being induced by simulated microgravity and carbon ion irradiation in mice [45].  These 31 
authors venture that sperm DNA damage may be one of the underlying mechanisms behind male fertility 32 
decline under space environment. On the other hand, an interactive effect of microgravity and radiation 33 
on the cellular responses has been reported, suggesting that altered gene expression caused by 34 
microgravity may be further modified by ionizing radiation [41, 46].  It is necessary to conduct further 35 
research into the effect of both factors acting together on human reproductive cells. It is also important to 36 
take into consideration the period of time that frozen sperm samples should be kept in the space, because 37 
the detrimental effects of radiation are accumulative. In order to ensure such a safe storage, the addition 38 
of antioxidants or other specific protective measures needs to be explored. 39 
 40 
In conclusion, frozen sperm samples preserved in cryostraws and stored in a specific nitrogen vapor 41 
cryoshipper undergo no significant alterations after exposure to microgravity obtained by parabolic flights 42 
and under the specific conditions of this study. The lack of differences observed in the sperm parameters 43 
analyzed, between frozen samples exposed to microgravity and those maintained in ground conditions, 44 
opens up the prospect of achieving the safe transport of human male gametes into space. Nevertheless, 45 
further research is required in order to validate the results obtained before the possibility of creating a 46 
human sperm bank outside the Earth can be realized. It is necessary to validate these results with a larger 47 
sample as well as to progress to further assays in other platforms in order to obtain longer periods of 48 
microgravity exposure for a better evaluation of the effects of microgravity on male gametes. The 49 
possible effects of microgravity on human oocytes and embryos also need to be considered. 50 

51 
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TABLES 

 

Table 1. Comparison between normozoospermic frozen samples exposed to microgravity (µg) and the control 

group maintained on earth conditions (1g):  Sperm concentration and motility after thawing. 

 µg 1g  

 
Mean ± SD [Range] Mean ± SD [Range] DIF [95%  CI] 

Total sperm 

concentration 

(M/ml) 
39.01 ± 32.02 [11.04-115.90] 39.29± 36.53 [8.90-127.74] 

0.28 

[-3.40;3.96] 

Motile sperm 

concentration 

(M/ml) 

13.72 ± 12.57 [1.20-43.58] 13.03 ± 12.13 [0.86-37.86] 
-0.69 

[-2.9;1.52] 

% Motility 

 
32.82 ± 14.19 [10.85-50.18] 32.27 ± 15.84 [9.77-62.28] 

0.09 

[-0.12-0.30] 

Grade a sperm 

concentration 

(M/ml) 

5.80 ± 6.40 [0.25-23.74] 5.22 ± 5.58 [0.36-21.03] 
-0.58 

[-1.28;0.12] 

Grade b sperm 

concentration 

(M/ml) 

3.46 ± 3.15 [0.20-9.70] 4.03 ± 4.16 [0.19-14.67] 
0.58 

[-0.96;2.11] 

Grade c sperm 

concentration 

(M/ml) 

4.47 ± 4.18 [0.36-13.93] 3.78 ± 3.22 [0.32-9.52] 
-0.69 

[-1.93;0.55] 

Progressive 

motility (a+b) 

(%) 

21.83 ± 11.69 [5.35-37.37] 22.54 ± 12.83 [6.21-45.10] 
0.03 

[-0.08;0.15] 

 

 

 

Table 2. Post-thaw progressive rate and linear movement from frozen samples exposed to both gravitational conditions (µg 

vs 1g) 

 µg 1g  

 
Mean ± SD [Range] Mean ± SD [Range] 

DIF [95% CI] 

Curvilinear Velocity, 

VCL (μm/s) 
39.88 ± 8.70 [25.71-53.91] 43.50 ± 9.82 [23.75-57.57] 

3.62 

[-0.03;7.27] 

Straight-line 

(rectilinear Velocity, 

VSL (μm/s) 

22.23 ± 8.00 [9.87-34.44] 24.57 ± 8.12 [10.24-38.95] 
2.34 

[-1.11;5.78] 

Linearity index, LIN 

(%) 
62.60 ± 10.39 [46.29-81.01] 65.88 ± 11.30 [42.82-82.17] 

0.05 

[-0.03;0.13] 
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Table 3. Percentage of live spermatozoa, morphological normal forms, DNA fragmented sperm and apoptotic sperm in the 

group exposed to microgravity (µg) versus control group without microgravity exposure (1g) 

 µg 1g  

 
Mean ± SD [Range] Mean ± SD [Range] DIF [95% CI] 

Vitality (%) 46.42 ± 10.81 [29.00-66.75] 44.62 ± 9.34 [24.75-59.50] 
-0.04 

[-0.13;0.05] 

Normal sperm 

morphology (%) 
7.03 ± 2.61 [3.13-13.00] 8.09 ± 3.61 [3.50-18.00] 0.12 

[0.01;0.24] 

Sperm DNA 

Fragmentation (%) 13.33 ± 5.12 [7.60-25.20] 13.88 ± 6.14 [7.00-26.20] 
0.03 

[-0.09;0.16] 

% apoptotic sperm 15.47 ± 15.04 [2.55-56.72] 23.80 ± 23.63 [0.16-93.96] 
0.20 

[-0.66;1.05] 
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Table 4. Concordance in the diagnosis of normality in sibling thawed samples (µg and 1g) for Concentration, Progressive 

Motility, Vitality, Morphology and DNA fragmentation according to the standards of normality defined. 

 1g 

Concentration 

M/ml 

Motility a+b 

% 

Vitality 

% 

Morphology 

% 

DNA Frag. 

% 

≥15 <15 ≥32 <32 ≥58 <58 ≥4 <4 <30 ≥30 

µ
g

 

C
o

n
ce

n
tr

a
ti

o

n
 

M
/m

l 

≥15 11 1         

<15 1 2         

M
o

ti
li

ty
 a

+
b

 

%
 

≥32   3 0       

<32   1 11       

V
it

a
li

ty
 

%
 

≥58     1 1     

<58     0 12     

M
o

rp
h

o
lo

g
y

 

%
 

≥4       13 1   

<4       1 0   

D
N

A
 F

r
a

g
. 

%
 

<30         14 1 

≥30         0 0 

 


