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Develop a modular system to simulate human
physiology at different gravitities and long-term
scenarios.
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INTEGRATING PHYSIOLOGY
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VALIDATION :Assess accuracy of model at zero-g ---
compared to published data.

ent compared to




INITIAL WORK: VALIDATION RESULTS

CHANGE IN ARTERIAL PRESSURE (mmHg) Change in Mean Heart Rate (beats/min)

_ 30_

Model vs reference Model vs Reference

Model vs Reference

Reference: Heldt T. et al, J. Appl Physiol 92; 1239-1254, 2.
Computational modeling of cardiovascular response to grthostatic
stress.



C-R model with nearly no L component
eps 0.01




Vascular Resistance (% at g=1)
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EXERCISE AS A COUNTERMEASURE

Risk reduction (%)

400 600 time (day)



Based on R-T(°C) dependence on model

NC 3 times/1 week




GENDER DIFFERENCES

RISK REDUCTION - AEROBIC
EXERCISE
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Moon mission scenario analysis

3000
Moon stay (days)

Mars mission scenario analysis

Risk (%)
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Numerical modeling is a valuable tool to predict
e risks of developing hazards in long-term




Significant differences in heart rate output, mean arterial
ressure and mean stroke volume appear in short-term

long-term
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Spaceflight effects on human body— Beau and Alan Daniels
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Space Exploration: gravity loads

Hypogravity, reduced gravity

Hypergravity
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Microgravity platforms
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After “Space Stations. Systems and utilisations”
E.Messerschmid, R.Bertrand. Springer (2002)

Torner J.; Brigos, M.; Perez-Poch, A.; Alpiste, F. Dispositive for achieving absence of gravity in a light aircraft..
Registration number: P201431164. Invention patent. Date of registration: 31/07/2014, Spain. Property-holding
institution: Universitat Politécnica de Catalunya. Company: Aeroclub Barcelona-Sabadell.
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Parabolic flights: light aerobatic aircraft
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Microgravity —

3,29

2-3 sec.

8,5 sec.

2-3 sec.

Perez-Poch A., Gonzalez D.V., Lépez D., “Hypogravity research and educational activities in Barcelona: a new hub
of innovation in Europe”, Microgravity Science and Technology (2016). doi:10.1007/s12217-016-9516-7
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Flight operations
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Brigos M., Perez-Poch A. et al. “Parabolic flights with single-engine aerobatic aircraft: flight profile and a
computer simulation for its optimization. ™ Microgravity Science and Technology. 4, 26, 229-239 (2014).
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Human Reproduction: role of microgravity & ART

IVF on Earth...

LOUISE
' BROWN

40 YEARS OF IVF

- - ——

SPECIAL 40" ANNIVERSARY EDITION OF
MY LIFE AS THE WORLD'S FINSY TEST-190L Baay
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Men'’s fertility

Fertility in men is defined by the quality of its sperm.

Seminogram

Volume

Seminal PH

Viscosity

Presence of other cells
DNA analysis

Spermatozoa Concentration
Spermatozoa Motility
Spermatozoa Morphology

250 million sp. typically
525 billion sp. in a lifetime !
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Assisted Reproductive Techniques (ART)

30% cases
of female origin

30% cases
of male origin

10% cases
of unknown origin

30% cases

mixed
(affecting both)

More common than you think

Fertility disorders affect 15% of couples wanting to have children.

15% of the population is affected
O by lowered fertility

oy ©f this percentage
90% can be diagnosed

- In Vitro Fertilization (IVF): Most common ART
- Complication: multiple pregnancy

- Criopreservation of gametes or embryos

IEECE
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...and in Space? ... the role of microgravity?

Journal of Andrology, Vol. 24, No. 6, November/December 2003
Copyright © American Society of Andrology

Effect of Simulated Microgravity on Testosterone and Sperm
Motility in Mice

HIROYUKI KAMIYA,* SHOICHI SASAKL* TAKAHITO IKEUCHL* YUKIHIRO UMEMOTO,* pUbIIShed by Ilkeuchi T et al. (ReprOd

HIROYUKI TATSURA,* YUTARO HAYASHI*, SHIGEO KANEKO,T AND KENJIRO KOHRI*

From the *Department of Nephro-urology, Nagoya City University Graduate School of Medical Science, Nagoya, . .
Japan; and the Department of Urology, Asahikawa Medical College, Asahikawa, Japan. Med and BIO/, 2005) Wlth a decrease

- Preliminary  results had been

orun gty ety s e | @ pLos one in sperm linear motility from a jet

Detrimental Effects of Microgravity on Mouse parabolic flight, but no differences
Preimplantation Development In Vitro

Sayaka Wakayama', Yumi Kawahara?, Chong Li'", Kazuo Yamagata', Louis Yuge?, Teruhiko

were found when compared to 2G

Wakayama'3*
1 Laboratory for Genomic Reprogramming, RIKEN, Center for Developmental Biology, Kobe, Japan, 2 Division of Bio-Environment Adaptation Sciences, Graduate School of H t h H C I H t t
Health Sciences, and Space Bio-L: i University, hima, Japan, 3 Department of Bioscience, Graduate School of Science and Technology, Kwansei eXpOS u re O r WI I n a I n OS a -

Gakuin University, Sanda, Japan

Micro-11 Experiment (NASA, 2018)
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Zero-g aerobatic flight: Mudry CAP10B (2020)
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Future IVF in Space... ?
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Sperm
analysis

Sperm

analysis
15 Sperm Samples
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Sperm Analysis

TESTING:

- CONCENTRATION
- MOTILITY

- VITALITY

SN(|:.A® (,[:.ASA System eosin-nigrosin staining
(Microptic) (VitalScreen-FertiPro)

a. green (progressive) >25 um/s

b. - yellow (progressive >5 um/s 1. Dead Spermatozoa - pink head
¢ blue (in situ) 2. Intact Spermatozoa - white head

d. red (immotile)

leec R www.ieec.cat




Considering the creation
of a Sperm Bank outside Earth

= 'Women make
giant leap —

but theres no
space for men

The lack of differences previously observed in the sperm a coward,

characteristics between frozen samples exposed to microgravity says Hunt
and those maintained in ground conditions opened the possibility

of considering safely transporting male gametes to space and the

possibility of creating a Human Sperm Bank outside Earth.

Boada, M.; Perez-Poch, A.; Balester M.,; Garcia-Monclus S., Gonzalez D.V.; Garcia S.,; Barri P.N.; Veiga A. (2020) "Microgravity
effects on frozen human sperm samples.” Journal of Assisted Reproduction and Genetics, 37,6, 2249-2257

IGE&ECE www.ieec.cat




Effects of microgravity on
human sperm samples (2022)

Significant alterations in Sperm Movility, Motility and Vitality
(p<0.05):

» Sperm Curvillinear Velocity (um/s)
45.7 +12.8 vs 47.7 £ 13.3

* Progressive a+b Sperm Motility (%)

Reproduction 30.0 £12.9 vs 47.7 £13.3

Hypidmoting | T

+ Sperm Vitality (%)
15 Sperm Samples
44,621 9.34 vs 46.42 £ 10.81

No significant differences in overall Sperm Concentration were
oxroro found:

Boada, M., Perez-Poch et. al. Microgravity exposure significantly decreases 81.7+112,1vs 79,7 + 89,8 M/ml
sperm motility and vitality. Can we consider human reproduction outside the
Earth? Human Reproduction (2022), 37, Supplement_1, p. 1-2.

leec R www.ieec.cat




Sperm Motility and Vitality are significantly reduced
after parabolic flight

- Natural samples: Sperm Motility and Vitality are decreased in microgravity conditions only after a brief exposure to parabolic
flight (just 160 seconds !!!) .

- More studies are needed to assess whether human reproduction space in space may be impeded by this decrease in maotility.

- Other major factors such as Radiation and Psychological issues have not been studied yet.

A full understanding of the likelihood of Human Reproduction in Space will require more research in the upcoming years.

Acta Astronautica 223 (2024) 640-648

Contents lists available at ScienceDirect

}@ Acta Astronautica
[,[ SE \l E R journal homepage: www.elsevier.com/locate/actaastro
L))
Decreased human sperm motility and vitality after fast gravity load changes | Cpdmies”

UTIC in a parabolic flight
nal Academy of Astronautics

Antoni Perez-Poch %, Marta Ballester ”, Marta Tresanchez ", Jordi Torner ®, Daniel
V. Gonzdalez , Francesc Alpiste ®, Miguel Brigos ®, Eduard Sanchez <, Gloria Martinez ,
Sandra Garcia ©, Nikolaos P. Polyzos °, Montserrat Boada "

leec R www.ieec.cat
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Scientists Take Baby Steps Toward Extraterrestrial Babies

Can sperm survive microgravity? Do eggs hold up to radiation? The new science of off-planet procreation is now getting underway.
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Guardian Opinions
IT-I:E\?: gizsricvsxl travel. But what would an all-female planet look

like? | Stephanie Merritt
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Contents lists available at ScienceDirect

Acta Astronautica

N &

e ¥ -
ELSEVIER journal homepage: www.elsevier.com/locate/actaastro

Effects of rapid gravity load changes on immunophenotyping and leukocyte
function of human peripheral blood after parabolic flight

Abril Gorgori-Gonzélez™ , Antoni Perez-Poch ® Daniel V. Gonzalez®, Roser Salvia®,
Laura G. Rico, Michael D. Ward®, Jolene A. Bradford ¢, Jordi Petriz“, Ginés Viscor®

2 Deparament of Cell Biology, Physiology and Immunology, Universitat de Barcelona, Av. Diagonal, 643, Barcelona, Spain
® Universitat Politécnica de Catalunya, Institut d’Estudis Espacials de Catalunya (IEEC). EEBE Campus Diagonal-Besbs, c. E.Maristany 16, ES08019, Barceld
€ Barcelona-Sabadell Aviation Club, Sabadell Airport, ctra. Bellaterra s/n, ES08205, Sabadell, Barcelona, Spain

4 Germans Trias i Pujol Research Institute (IGTP), Ctra de Can Ruci, Cami de les Escoles s/n, 08916, Badalona, Barcelona, Spain
€ ThermoFisher Scientific, Eugene, OR, USA
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BARCELONA ZEROG CHALLENGE

Win an Aerobatic Zero-G Flight for your experiment along
with s 500 euro-grant for your microgravity research team

UNIVERSITAT POLITECNICA
DE CATALUNYA () SPACE GENERATION
BARCELONATECH 4/ ADVISORY COUNCIL

79

L'’AEROCLUB

BUILD YOUR TEAM:

2-4 university students
(undergrad, MSc, PhDs)
+ endorsing Mentor

Interdisciplinary
International
Diverse

Meet the requirements of
the zerog platform !!!

Think Safety +
Outreach plan

Twitter: @BarcelonaZeroG

Information & Submission: http://window2theuniverse.org
OPEN FOR SUBMISSIONS

IEECE
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Alinfinito ymasalla

Vera Gravitas esta conformado por cuatro ingenieras aeroespaciales y mecanicas, cuyo objetivo es visibilizar a la mujer como
parte de varios proyectos de investigacion cientifica. Recientemente ganaron el Barcelona ZeroG Challenge, un concurso que
reta a los estudiantes de todo el mundo a disefar un experimento para volarlo en gravedad cero. / Tema del dia p. 2
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CONGRATULATIONS!
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Juan Migelle  Danielle Sumanoy  Michelle Leonardo
Ferido Baldono Dote Florenz Eugenio

for winning the

BARCELONA ZERO-G
CHALLENGE 2024!
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Thank you for your attention!

UNIVERSITAT POLITECNICA
DE CATALUNYA

UF BARCELONATECH

glab

CSmicro =

Computer Science & Microgravity LAB

http://CSmicroglLab.upc.edu
Contact: Prof. antoni.perez-poch@upc.edu
https://www.linkedin.com/in/antoniperezpoch/
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