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Stellar Findings without Follow-Up Yet 

The stellar research findings from work by Popova, Naumenko and Colleagues 10-15 years ago 

was arguably the discovery that Brain Derived Neurotrophic Factor (BDNF) may well be stable 

in spaceflight in the rodent model. At the same time, other neurotrophic factors (CDNF and 

GDNF), neurotransmitters 5-HT (serotonin risk-and-reward system) and DA (dopamine risk-

and-reward system) were found to be not stable in mice at around a month in space [1-4].  

 

These researchers also identified parts of the brain that were particularly sensitive to spaceflight, 

as well as “risk neurogenes”, which affect both serotonin and dopamine pathways [3]. Their 
painstaking work down to hormonal and genetic levels begins to scratch away at the shroud 

that makes all of us appreciative of just how complex human affect, cognition and decision-

making are and how they might change when humans venture off planet Earth-further 

increasing the complexities. 

 

As an important factor in humans’ high level of neuroplasticity, BDNF plays a significant role 
in learning, memory and general cognitive functioning. BDNF has been helpful on Earth in a 

variety of therapies, which suggest ways for it to be used in space settlement. Either in 

spaceflight or in settlements in less than full gravity, with cosmic radiation that forces humans 

to be confined in vehicles or habitations with high levels of CO2, BDNF’s application well might 
prove salutary. 

 

Importance for Human Settlement Off-Earth 

While cautions are appropriate for research that has not yet been replicated for humans in space, 

including flight lengths necessary for settlement, the logical extrapolation is that BDNF could have some stability in humans 

during spaceflight. There may be something different and important about the way BDNF operates in mammals during 

spaceflight. This would not be the first time that research on lower mammals pointed to potentially fruitful inquiries for humans 

and if those inquiries lead to the same or similar results, then, to program options for humans that are extremely important in 

off-Earth settlement.  

 

Our conclusion is that these early findings in the rodent model should be replicated in humans as soon as possible so that 

researchers and space program planners can begin as soon as possible to conquer the “challenges in translational neuroscience”, 
as noted recently by editorial board members of Exploration of Neuroscience [5]. The potential is too important given the jumble 

of symptoms and difficulties that human spacefarers have had to date from problems with inner ears, balance, mood, anxiety, 

depression and cognitive decline [6]. Indeed, BDNF has been used for some of these problems on Earth. 
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The Neuroplastic Species and Its Space Technology: Why Are Sequelae Not Worse? 

It is important to note that, as of this writing, around 676 humans have gone to space and most returned without long-term 

disabling conditions; 21 have died in training, launch or in space. We conclude this is a fairly good and hopeful record. It suggests 

that something is operating biologically to allow humans to adapt to space to at least a certain degree and at least temporarily. 

In our review and analysis of neuroplasticity in spaceflight, we return repeatedly to the seemingly circular explanation as to why 

the human species does not fare worse in space [7]. The answer always came back: Humans are the most neuroplastic species 

alive. Their neurological systems are, if not “well adapted to spaceflight”, at least tolerant of it to a point that reasonable 

remediations in diet, exercise and some medications will allow them to fulfill missions successfully. This sounds like a facile 

conclusion, but surely it is not. Humankind’s success in space ventures to date has, in our view, been quite remarkable given the 

variety of deconditioning symptoms that we tentatively named “Spaceflight Neuroplastic Syndrome” [8]. 
 

Support for Off-World Medical Research Shifts toward Commercial Companies 

Since the time that data on the rodent model were collected from several existing space stations and analyzed by Popova and 

Colleagues, there have been social and economic changes that have challenged the collection of parallel data on humans in 

spaceflight. Still other changes have shifted focus from nation-state space programs to a greater emphasis on commercial space 

programs. University and hospital-based neurology colleagues should keep in mind that commercial space programs (many of 

which are still small) do not have longstanding and administratively supportive infrastructures for scientific experiments and 

analysis of data using the best computer programming. However, commercial space programs are now positioned to begin to 

collect data on humans in space or they soon will be. It appears that there may be an emerging mismatch between a focus on 

space research and traditional research funding and supportive infrastructures. It is important that small commercial space 

companies have access to the best available computer analysts. In addition, many small space start-ups are not prepared for this 

type of bio-medical research unless they are convinced their investment may “pay off” in the long run. 
 

In our literature review for this commentary, we encountered the beginning of what will surely be a flood of reports on using 

Artificial Intelligence (AI) large language models to understand molecular pathways, structures and the fitting of molecular 

components. Zhu and Colleagues write, “We developed an Artificial Intelligence (AI) model to predict the three-dimensional 

protein structures of BDNF and TrkB, as well as their interaction. The AI model was further applied to compare small-molecule 

drugs that mimic BDNF-TrkB interaction” [9]. This takes “bench neuroscience” to a new level and off the planet, if possible. We 

view the transition from nation-state to commercial dominance in space programming as a natural and planned development, 

in which private space endeavors were always meant to overtake dominance from NASA in research. We view NASA’s future 
as an important regulatory agency, much like the European Space Agency and its important work in space debris removal [10,11]. 

Given the variety of public and private enterprises that will be using cislunar space, there is a great need for a strong regulatory 

framework that can monitor compliance with the best of the Artemis Accords, now managed by the US State Department [12]. 

In sum, our view is that the transition to the dominance of commercial space programs was inevitable and will be fruitful. 

However, the follow-up research needed to investigate neurotransmitters and neurotrophic factors in humans, during 

spaceflight, has apparently been left behind in these times of transition. 

 

Established Research Programs Need New Partners in Commercial Space Start-Ups 

In this environment, space research needs to continue to fully involve university and medical programs that have research 

facilities, equipment and computer know-how. However, most universities do not have space vehicles ready and waiting for 

research in orbit yet. Therefore, small space start-up companies will be required for partnerships with more established research 

institutions. It may seem like a “step down” for universities, but we are convinced it is truly a “step up”, i.e., a mechanism to join 

the enormous medical research enterprise that will focus on humans in space. These changes are sure to come because they are 

well needed. Whether they are medically prepared or not, humans will go to space soon, in large numbers and some will settle 

on the Moon and Mars. With important decades devoted to the space settlement of humans there and ultimately in the Asteroids 

and orbiting around moons of the gas giants, Jupiter and Saturn, there is a pressing need to understand the lead that research on 

BDNF in spaceflight has uncovered in the rodent model. Can BDNF, as a natural component, be used to augment human 

neurological systems and not just the brain, because ocular and auditory functioning has been found to be impaired among some 

humans in space. The limbs, too, are less efficient when one first returns to full gravity. It is the neurology of the entire human 

being that will be of concern, while more and more people leave Earth, travel elsewhere and return in space vehicles (some of 

which are on the drawing boards now). 
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On Earth, BDNF has been used to counter “space fog” (confusion, lapses in short term memory) “sensory reweighting”, that 
could be important for space explorers who have to adapt to different gravities (like the Moon’s 1/6 gravity or Mars’ 1/3 gravity); 

and stress because of loss of sleep, isolation and confinement in spaceflight, which are all known to impact cognitive functioning. 

In particular, it has been suggested that BDNF can help depression and anxiety and mood regulation, in general [13]. The human 

body carefully regulates BDNF in response to genetic and environmental factors. The better this complex regulation is 

understood, the more helpful BDNF can be in off-world circumstances. However, it would surely have to be carefully monitored 

at first. 

 

Issues in Delivery of BDNF to Neurological Tissues 

There are issues involved in the delivery of BDNF, especially overcoming difficulties in bridging the Blood-Brain Barrier (BBB), 

which should be solved before use off-Earth. Yet, there is active research in this area. Ongoing efforts include the following 

mechanisms: intranasal delivery, nanoparticle-mediated delivery, gene therapy, viral vectors to deliver the BDNF, cell-based 

delivery especially bone marrow stem cells, focused ultrasound enhanced intranasal delivery (FUSIN disrupts the BBB and 

enhanced delivery efficiency by targeting delivery to specific brain regions perhaps those that Popova and colleagues first 

identified in 2020) and finally, BBB modulators, peptides like ADTC5 that can transiently modulate the BBB, allowing BDNF to 

cross and reach brain regions [14-16]. To summarize, BDNF has been used on Earth as a treatment for stress resilience, to improve 

cognitive function, for depression and fatigue and for neuro-protection from inflammation that may be greater in, for example, 

a lunar environment. There are good and varied efforts to solve the issues of delivery of BDNF to brain tissues. 

 

When Is It Reasonable to Transfer Treatment Types Off-Earth? 

A reasonable question arises as to whether this variety of therapeutic approaches makes sense in a new environment with low 

gravity and higher cosmic radiation. We understand BDNF’s effects on Earth. What we do not know is how well those results 
extrapolate to the Moon or Mars. Either lunar or martian gravity may be enough to forestall some of the de-conditioning 

problems encountered in the microgravity of space. If this is true, all the better. If it is not true, then all the more apparent need 

for treatments like BDNF.  

 

We say this cautiously, without full knowledge of BDNF’s mechanism of action. Is this wise? Is this potentially dangerous? These 

are good and rightful questions that potential space travelers need to be asking of themselves and their sponsors and still, humans 

are going to be off planet Earth soon and there is perhaps not the correct set of circumstances to do the testing that would usually 

be necessary. Our perspective is to have BDNF available. We ask: Did early humans worry about the effects of willow tree bark 

on their stomach linings? Probably not. Perhaps they were more focused on getting rid of a headache or a fever. Did they know 

how aspirin worked? No, it was not necessary and through trial and error they came to see aspirin as relatively benign. The 

conundrum is similar to the one today regarding all types of medications off-Earth.. 

 

BDNF As an Early Proxy Measure for Neuroplasticity  

We have suggested that BDNF could be an early proxy measure for neuroplasticity, itself. If it is used that way, then we may 

come to a deeper understanding of this amazing capacity that humans have, apparently, more than any other terrestrial creatures. 

Using BDNF as a proxy measure would enable many forms of research that are now “hanging fire” because neuroplasticity is 
not fully understood. In Popova, Naumenko’s and Colleagues’ remarkable work we come closest to understanding 
neuroplasticity at some of its genetic and hormonal roots. 
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