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Altered gravity and elevated carbon dioxide (CO,) levels as experienced on the ISS can Longevity is not altered by HG or CO2 stressors Bioenergetics Indicate Mitochondrial Dysfunction
adversely affect human health across various organ systems, especially the Central A Vales HG B e los HG C Viales HG + CO D Females HG + CO
Nervous System (CNS). Investigating these changes is essential for understanding the \“ i e ' A RO_TMRM B RO_Mitotracker
long-term effects of spaceflight on human physiology to ensure crew health. " \\_\ . EEl _ S, - 16 4 i * % _—

5 : - - - WS ke R - ----- = 1
Ground-based analogs provide an efficient method to evaluate alterations induced by - ; s & . = 1.2G % * % % § LU — | @ 0
= : E : ' L
chronic spaceflight on a larger scale. ;- ) 56 4. PR | EEE 8% o] ** ° i e
X a0 : 40 8 - 3 | g <« 3  FEEEEE. % (@) 1.2(_]
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profiling. The flies were assessed for neurobehavioral changes, including longevity and Negatlve Geotaxis Reveals Motor Deficits
negative geotaxis; brain morphological changes, such as dopaminergic neuron count,
apoptosis, and glial cell density; and bioenergetic changes in the brain, including A RO B R5 C RlO Figure 5: Bioenergetics quantified post exposure at the RO timepoint. (A) Quantification of mitochondrial
mitochondrial abundance and membrane potential. * membrane potential using TMRM stain shows depolarization of the mitochondrial membrane (B) Quantification
Longevity remained unchanged under hypergravity, even with the addition of Hokkk of mitochondrial abundance in the brain using Mitotracker shows significant increase in mitochondrial
elevated CO, as a stressor. However, despite the stable lifespan, quality of life appeared to Hokokok | * * _— abundance in HG/+CO, conditions *: p-value <0.05, **: p-value <0.01, ***: p-value <0.001, ****: p-value
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* In low Earth orbit (LEO) on the ISS, altered gravity and CO, buildup are key concerns, climbing once again (Figure 2C)
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CNS, hypothesizing that these conditions may negatively affect neurobehavior,
neuronal populations, mitochondria, and litespan. Figure 3: Representative image of adult brain stained with anti-CC3, apoptotic marker (A), and anti-Repo, glial marker (C), Increased CC3 e Neuromorphological analyses at R5, R10, and R25 time points.
Materials and Methods positive puncta in HG adult flies as compared control (B), decreased glial counts in HG adult flies as compared control (D). *: p-value * Bioenergetic evaluation including ATP assay at all time points.
<0.05, **: p-value <0.01, ***: p-value <0.001 e Quantification of DA Neuron deficits to specific clusters.
o

A - - - Correlation studies to examine the relationship between Climbing ability and DA Neurons across different
m_ Investigate changes to individual and combined effects of Key correlations between Negative Geotaxis and DA Neuronal Count time points.

hypergravity and elevated CO, levels in CNS o
A B DA Neuronal Count C Climbing Assay Kev Ref
Altered HG+CO?2 can negatively impact o €y Relerences
I neurobehavior, neuronal populations, and ek ) ) )
HypotheS|s itochondria that can lead Ec)ozltered ifasnan | * e Mhatre, S. D., lyer, J., Petereit, J., Dolling-Boreham, R. M., Tyryshkina, A., Paul, A. M., ... & Bhattacharya, S.
ocnho d pan. : - \ it Gk | @ (2022). Artificial gravity partially protects space-induced neurological deficits in Drosophila melanogaster.
Neurobehavior Neuroanatomy Metabolic il — Gl |® o Ce,” reports, 40(10). N |
) a @ @ " @I l l* l e (Clément, G. R., Boyle, R. D., George, K. A., Nelson, G. A., Reschke, M. F., Williams, T. J., & Paloski, W. H.
o \e T 14 \ 200 — l l (2020). Challenges to the central nervous system during human spaceflight missions to Mars. Journal of
& @@ \ _ guiag i aiag 5 1007 . > A neurophysiology, 123(5), 2037-2063.
Q o
§ 150 — r o 80 e o ; * e 12G
B m © T 100- : - 5 60- f S © 3 Acknowledgements
o> "> 2 Bk = HEEH v HazHl|: - rorco
) -.* 3 é’ o } é 40 — . “‘ : ﬁ 7 o 3 1.2G + C02
1.2 3 g | E | .
. : 3 o 20- [ ¢ Se+EL, e This project was funded by NASA- Space Biology Grant (NNH21ZDA0O0O1N-SBAS “E.11 Space Biology: Animal
L LN D 0 - : ol Studies”) awarded to Dr. Janani lyer.
5 S . g . Males Females ' :
15 FJ ‘> L‘j "=>. Males Females e POC: (Janani lyer, USRA/KBR Principal Investigator, janani.s.iver@nasa.gov)
ar RLA ar ® Figure 4: Correlating negative geotaxis and Dopaminergic neuronal (DA) count. (A) Representative image of adult brain showing DA * This research was funded in part by the NASA Biological and Physical Sciences Division (BPS) through the
19+ CO; [.20&0p 29+ 50; Space Life Science Training Program (SLSTP)
neurons (B) Significant decrease in dopaminergic neurons across HG/+CO_ conditions at the RO timepoint. (C) Bar graphs of %Climbing . ' , , .
o o , , 2 , , , e NASA Space Biosciences SLSTP: https://www.nasa.gov/ames/research/space-life-sciences-training-program
R25 R10 RS RO Ability across HG/+CO_ condition at RO shows correlation with dopaminergic neuron loss. Key correlations circled in blue for males and : _ TR : : ) )
Y ; ¢ ! & Assays 2 e NASA Space Biology Program: https://science.nasa.gov/biological-physical/programs/space-biology
| magenta for females.*: p-value <0.05, **: p-value <0.01, ***: p-value <0.001.



mailto:janani.s.iyer@nasa.gov
https://www.nasa.gov/ames/research/space-life-sciences-training-program
https://science.nasa.gov/biological-physical/programs/space-biology

